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Great Britain, France. Russia. United States. Germany. Italy. 
Ss 1,557,522 tons, 781,629 tons. 453,899 tons. 908,070 tons. 200,687 tons. 286,175 tons, 
AS, Broadside and bow views of typical battleships, representing relative size of leading navies, 


COMPARATIVE STRENGTH OF THE WORLD'S NAVIES.—{See page 422.] 
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THIRTY-FIVE FOOT CHANNEL FOR NEW YORK 
HARBOR. 


though 


A 


it look the much needed im 
provement of the New York Harbor 


at last to be carried out, by providing a channel pro- 


begins to as 


entrance to Wiis 


portionate in depth and width to the traffic of this | 


which, if it is not already, soon will be the most 
As stand, the 
th tortuous After 


and rounding Norton’s Point at 


port, 
world matters now 
chante by 


he Narrows, 


portant in the 


main is aud shallow. 


leaving t 
the southwestern extremity of Coney Island, it does 
not turn eastward toward the open sea, but keeps due 
south for several miles until it is well inside of Sandy 
Hook, and then makes a sharp turn of 90 


access to deep water being finally 


Jegrees 
to the eastward, 
had by 

At the first blush it looks like perversion of the truth 
as shallow a channel having a depth of 


way of the Gedney Channel 


to designate 
30 feet of water, which is the present depth of the 
New but in matters nautieal the term 
a strictly that might 


York entrance ; 
Is relative 
ample for one class of harbor and traffic can easily be 


one, and water be 


shallow for another. So also it is 


depth that might be sufficient in one decade may be 


quite insufficient to meet the requirements of the decade 


that follows. A few years ago, when 28 feet was the 
maximum draught of afew of the largest liners, the 
present channel Was equal to accommodating the 


least as far as the depth was concerned ; but 
the 


traffic, at 


so rapid dimensions 


growth 
steamers, that there are ships 


has been the in 


freight and 
afloat that leave the 
ships are being built that may easily draw 34 feet when 
At present such vessels, if they wish to 


passenger 


harbor drawing over 32 feet ; and 
fully loaded 
carry outa full cargo, must wait for high water, an im- 
pediment that cannot fail to be injurious to the inter 
ests of the harbor 

But the present channel is not only shallow for mod 
ern traffic, but by reason of its tortuous character and 
restricted width it difficult to navigate. This is 
proved by the large number of steamships that get 


Is 


aground in making the turns or in passing each other | 
| . P . 
litfrom the inside by running a stream of coal oil 


within the channel's narrow limits. As we have said, 
the main channel makes one turn of 90 degrees, and 
there are others of less magnitude to navigate before 


deep water is gained. The difficulty arising from this 


cause is increasing with the increase in the length of | pressure of 50,400 pounds without injury. 
The “City of New York,” which made|of this year a single-forging steel gun, designed by 
Hobbs, of the Ordnance Department, 


ocean liners. 


her appearance only ten years ago, was considered an | Capt. 


true that a channel | 


of | 


| terior tube. 


AMERICAN LOCOMOTIVES FOR AN ENGLISH 
RAILWAY. 
The introduction of American locomotives on Eng- 
lish railways was merely a matter of time, and it only 
needed the accident of English locomotive builders 


| being overstocked with orders to open the door. 


| building trade in Great Britain is being shared by 
the locomotive trade, and when the Midland Railway 
wished to place a *“*rush” order for twenty freight lo- 
|comotives, they were compelled to come to this coun- 
i try to get it filled. The present activity is in part ac- 
counted for by the fact that the recent strike in the 
engineering trades has thrown the locomotive works in 
arrears. Ten of the engines are to be built by the 
Baldwin and ten by the Schenectady works. They are 
to be of the American Mogul type, with eylinders 18 
inches in diameter by 24 inches stroke, and with such 


modifications in details as are required to conform 


| to British practice. 

| The introduction of these engines in regular service 
on an English road will be watched with the greatest 
interest. They are not of abnormal dimensions, being 
smaller than the average freight engines now being 


built for use on our own roads but of the standard 


size of the freight engines in use on the Midland Rail- | 


This is fortunate, as giving for the first time an 


way. 
opportunity to test the English and 
The cost of the 
English copper 


under identical conditions of service. 
engines, even should the customary 
fire-box and other specialties be called for, will proba- 
bly be from twenty-five to thirty per cent less than if 
they were of home manufacture; and if they render 
equally efficient service, as we do not doubt they will, 
the result cannot fail to have an important bearing on 
the locomotive trade in that country. 

The Midland Railway has always been the most pro- 
gressive of the English roads. It was this company 
that led the way inthe introduction of American cars 
into Great Britain, and nearly a quarter of a century 
ago a“ dining car train,” 
rightly, two Pullman ears, was} running daily between 


London and Leeds. 


—>_-+ e+ 
THE GATLING CAST STEEL GUN. 

Great interest attaches to the government tests of 
the 8-inch .cast steel gun designed by Dr. Gatling of 
machine gun fame. It is the object of Dr. Gatling to 
produce a gun which shall possess all the ballistic qua- 
lities of the prevailing type of hooped or built-up gun 
without its excessive cost. The present built-up sys- 
| tem is founded upon the method introduced by our 
General Rodman during the Civil War, who, in order to 
compress the interior metal of the gun, cooled the gun 


from the inside, thus causing the exterior layers to 


shrink with tremendous gripping effect upon the 
bore. The same effect is secured in forged steel 


guus by shrinking successive hoops of steel upon an in- | 


Rodman’s method was cheap and rapid ; 


the present method is slow and very costly. 


Of late years several attempts have been made to 
dispense with the hooped construction and produce a 
steel gun of one integral forging or casting. In 1895 
Maxim made a 5-inch gun of a single forging and cooled 


through the bure. In the firing test his gun showed a 


velocity of 2,200 feet per second with a pressure of 33,600 | 


pounds to the square inch, and withstood a maximum 
In January 


F. E. 


abnormally long vessel, her over all dimensions being! United States Army, was tested at Sandy Hook with 


560 feet. Since her day we have seen the advent of the 


“Campania,” 620 feet, and the * Kaiser Wilhelm der} wi 


Grosse,” 649 feet in length, to this port, while in the 
coming season the White Star Line will place on the 
route a mammoth the ** Oceanic,” whose ex- 
treme length will be 704 feet. 

The proposed changes will provide for the improve- 
but by far the most im- 


vessel, 


ment of all existing channels ; 
portant recommendation is that included in General 
Ludlow’s report. The Ludlow survey recommends the 
abandonment of the main channel and the substitu 
tion of the East 
waterway for large vessels. 
it to 


Channel 
To give it the necessary 
out to a minimum 
depth of 35 feet and a minimum width of 1,500 
feet. This would shorten the distance to the open 
sea by about five miles, and would provide a straight 


as 


present 


is be dredged 


capacity, 


to 


channel in place of the present circuitous and diffi- 
The largest vessels now under construc- 
to enter and leave the harbor at 
any hour, irrespective of the state of the tide, and 
at their fullest draught, which in the case of several 
ships is likely to be fully 34 feet. 

The estimated cost of the work is between $3,500,000 
and $4,000,000, and in view of the great importance of 
the harbor and the great benefit that the improvement 
would confer, we do not think the cost is by any 
The matter will come up at an early 


cult route. 


tion would be able 


means excessive. 
date for the consideration of Congress, and it is sin- 
cerely to be hoped that a scheme which has such 
obvious werit will be met with unanimous approval. 


the principal | 


| 





excellent results, a velocity of 
th a pressure of 50,000 pounds to the square inch. 

Dr. Gatling is endeavoring to go one step further and 
cheapen gun construction by dispensing as far as pos- 


| sible with forging processes and casting his gun direct 


from the cupola. It is evident that ifa reliable cast steel 
gun can be manufactured, the cost and time consumed 
in heavy gun construction will be greatly reduced—ac- 
cording to Gatling, fully 50 per cent. The metal used 
is a special steel alloy, and the gun is cast in a vertical 
position, muzzle downward. An attempt is made to 
impart a fibrous character to the casting by giving a 
swirling motion to the steel as it enters the mould, and 
Dr. Gatling states that a certain amount of forging of 
the interior is effected by the use of a rotary mandrel 
when the gun is red hotin the annealing furnace. The 
desired compression and tension are secured by cooling 
from the interior. Inthe preliminary tests the gun has 
withstood a pressure of 37,000 pounds to the square inch. 
This is satisfactory as far as it goes, but with the 
records of 50.400 and 50,000 pounds pressure in the 
Maxim and Hobbs guns and 82,850 pounds pressure in 
the Brown wire gun ahead of it, the cast steel gun has 
a long road to travel before it eclipses ‘its predeces- 
sors. If it equals these pressures and survives the 300 
rounds to which the government officials will subject 
it, Dr. Gatling will have made an invaluable contribu- 
tion to the science and art of heavy gun construction, 
and it will only remain to overcome the undoubted 
prejudice which modern artillerists entertain against 





cast as compared with forged or wire-wound ordnance. 


It seems that the prosperity whic) marks the ship- | 


American types | 


; ; . } 
including, if we remember 


2,700 feet being attained | 


ENLARGING THE CAPACITY OF THE BROOKLYN 
BRIDGE. 
| The present Mayor of New York is no doubt a bet- 
|ter lawyer than engineer; for after throwing out the 
city’s obviously most urgent engineering work, the 
| Rapid Transit tunnel, he wishes to have under con- 
| struction across the East River three great bridges 
| whose aggregate cost will greatly exceed that of the re- 
| jected tunnel scheme, and whose construction will take 
three or four times as long tocomplete. In addition to 
the new East River bridge, whose construction is not 
much more than fairly under way, he would build an- 
other at Black weil’s Island and a third midway between 
the new bridge and the present New York and Brook- 


| 


‘lyn structure, 

The Blackwell's Island bridge would be a distinct 
benefit ; but the other structure would be quite super- 
fluous. And for this reason : that it would be possible, 
as we have pointed out more than once in these col- 
uluns, so to strengthen and enlarge the present bridge 
as to practically double its capacity. We should thus 
obtain practically all the advantages of Mayor Van 
| Wyck’s proposed new bridge for about one-fifth or one- 


sixth the cost. 

| Mr. William H. Hildenbrand, the engineer to whem 
| Mr. Roebling intrusted the task of making all the 
calculations as to strength, stability, ete., of the Brook- 
lyn bridge at the time of its erection, states that he 
has prepared a plan for doubling the capacity of the 
| Structure at a maximum cost of $2,500,000. He would 
| raise the height of the towers some 10 or 12 feet, and 
| suspend four auxiliary cables above and in the same 
plane as the present cables. The present stiffening 
trusses, six in all, would be replaced by new and 
deeper trusses of a common depth, and upon their upper 
chords, on either side of the footway, would be an 
upper floor reaching across the present railroad tracks 
and roadway. This would double the capacity of the 
| bridge for wagon and ear traffic. The footway is suf- 
| ficient for all probable increase in the number of foot 
passengers. The pull of the new cables would be 
ltaken by additional anchorages placed behind the 








| 


present anchorages, 
Mr. Hildenbrand’s name is a guarantee that the 
| scheme is feasible, for he has recently made a similar 
enlargement of the old Cincinnati bridge, built thirty 
years ago, the strength of the new construction being 
double that of the original bridge. Now this is an 
improvement which has everything to recommend it to 
the Mayor, the Bridge Commissioners, and every other 
person who is desirous of improving transit facilities 
between New Yorkand Brooklyn. For an expenditure 
of $2,500,000 we not only remove all anxiety as to the 
serviceableness of the present structure, but we practi- 
cally secure a new bridge between the two islands. 
= eS 

THE FORESTS OF THE WORLD. 

Mr. D. E. Hutchins, Conservator of Forests at the 
Cape, recently read before the Cape Town Philosophi- 
eal Society a paper showing the need and value of ex- 
tending the area in the colony at present under forest. 
Cape Colony stands far below other countries in its 
proportion of forest, though the climate of the country 
is such that it ought to have a percentage under forest 
at least equal to Germany. The following table shows 
the area under forest in the colony compared with 
that in some other countries: 





















| Percentage 

d | Area under under 

| Countries. forest in forest of 

} acres. | total area 

| | of country, 

' 

| Russia in Europe........ ... .sccscesess 527,427,000 42 
OS eee foal 2,346,000 42 
Austria. .. coccces 46,>56,000 31 
Germany. 34,350,000 26 
Norway. 18.920,000 25 
Diicusecttes.cvsnecne seeéataosqutenss 140,000,000 25 
Ss nats eetndses, .g0keenesescahonbees’s 20,75',0:0 16 

| Portugal..............+ pene whee 1,666,000 5 

| Great Britain and Ireland............ .. 2,790,000 4 
GP GePccsncses «cecevcceccesess 353.280 0°29 





| 


Mr. Hutchins suggests that plantations should be 
|formed in districts within minimum rainfall limits of 
15 or 20 inches per annum. The argument which will 
| perhaps appeal most forcibly to Cape agriculturists is 
that, while the total value of the fruit produced ‘in 
Cape Colony is £100,000, no less than £269,349 have 
been paid for wood imported into the colony during 
the last two years, nearly the whole of which would be 
produced in national forests covering an area of about 
| 50,000 acres. That forests can thrive where agriculture 
is difficult or impossible, is shown by the steep richly 
wooded slopes of the lofty Amatolas, the similarly 
| beautifal forest with its gigantic yellow-wood trees in 
the barren Knysna country, and, perhaps most strik- 
ing of all, the cedar trees of Clanwilliam, growing on 
the absolutely bare rocks of the stupendous Cedar- 
berg Range; while at Glenadendal an introduced tree, 
| the cluster pine, hardier than any of the indigenous 
trees, is spreading itself self-sown up the rocky moun- 
tain side, in spite of fires, drought, hot winds, and 
climatic vicissitudes, that are too often the despair of 
the agriculturist. 
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CALCIUM CARBIDE IN NEW YORK CITY. 

The Fire Commissioner of New York City has taken 
steps to regulate the trade in calcium carbide. Owing 
to the fact that this substance is now stored in most of 
the sporting goods houses and bicycle stores in the 
city, it has seemed necessary to take some steps regard 


ing the matter, as the gas is generated by coming in| 
contact with water, and it will readily be seen that it | 


might cause a disastrous explosion, if kept in consid- 
erable quantities, in case of a fire. According to the 
new rules, all calcium carbide in transit through the 
city and in storage must be in hermetically sealed iron 
receptacles and marked plainly ‘Calcium Carbide. 
Dangerous if not kept dry.” No single package must 
exceed 100 pounds. Astothe sale of the carbide, not 
more than 20 pounds, either in bulk or in cartridges, 
2an be stored or kept in any building used for a dwell- 
ing or mereantile purpose, and this amount can only 
be kepton a permit obtained from the Fire Depart- 
ment. This permit will provide that quantities in 
eases of 2 pounds shall be in tight metal packages and 
kept elevated at least 6 inches from the floor in a fire- 
proof safe above the street grade. 


transportation, storage, selling, or use of liquefied 


acetylene is absolutely prohibited within the city limits. | 
Provision is made for the storage of caleium earbide | 


in sealed receptacles in quantities not exceeding 100 
pounds in isolated buildings of fireproof construction. 
The storage must alsobe with a permit from the Fire 
Department, and the entire quantity stored must not 
exceed 500 pounds in the aggregate. 

—— see io 


THE HEAVENS IN JANUARY. 
BY GARRETT P. SERVISS. 

At 10 o’clock P. M. in the middle of January the 
array of constellations is the finest that the heavens, 
in our latitudes, ever present. Orion is on the merid- 
ian, in the most favorable position for the exhibition 
The two great stars that adorn his 
shoulder and his foot,{Betelgeuse and Rigel, show their 
eontrast of colors admirably, sparkling through the 
Betelgeuse glows like a Brazilian topaz, 
Midway be- 


erisp air. 
while Rigel’s light is of diamond purity. 
tween them glitters the Belt, with its three bright 
stars in a row, so accurately spaced and aligned that 
they seem to have just obeyed the command, *‘' Eyes 
front!” In themselves they would hold attention, 
but on a dark, clear night the sky about them is seen 
to be sprinkled with a multitude of tiny stars, whose 
twinkling affects the eye like half-illuminated frost- 
work. Below the Belt hangs the Sword, sheathed in 
the mysterious haze of the Great Nebula. 

Following the direetion indicated by the stars of the 
Belt, downward toward the left hand, at a distance of 
some twenty degrees, the eye is led to Sirius, ablaze, if 
the air be a little unsteady, with prismatic hues. The 
spectacle of Sirius shining above a snow-elad hill on a 
January night is a surprising revelation of the power 
of astar to enhance the beauty of a terrestrial land- 
scape. 

Westward from Orion runs the windin; “river of 
stars,” Eridanus, with Cetus just setting beyond ir, 
while toward the east, above Sirius, appears Mono- 
ceros, followed by the interminable Hydra, dragging 
its slow length above the horizon. 

Next in attractiveness to Orion and his immediate 
neighbors, which include Auriga, with the brilliant 
Capella, nearly overhead, is the winter arch of the 
Zodiac, beginning at the level of the hills in the west 
with Pisces, and rising through Aries to Taurus (the 
tip of whose horns touches the meridian above Orion), 
and then descending in the east through Gemini, Can- 
cer and Leo, to Virgo, whose westernmost stars are 
just poised on the horizon. 

Under Gemini and Cancer, the latter being easily 
recognized by the glimmer of the beehive cluster, 
shines Procyon, the leading star of Canis. Major. 

Glancing northwestward, Perseus, Andromeda, and 
Pegasus are seen aligned in a downward slope to the 
horizon, while Cassiopeia’s ‘* W” shines between them 
and the Pole, balanced against the Great Dipper, 
which is rising, bowl upward, in the northeast. 

THE PLANETS. 

Mercury 1s a morning star, 1n the constellation Sagit- 
tarius. It reaches its greatest western elongation on 
January 11, when it may be seen nearly two hours be- 
fore sunrise. 

Venus is a morning star, and very brilliant, rising, 
at the beginning of the month, about 4:30 A. M. It 
travels from Scorpio into Ophiuchus. On the 25th it 
will be in conjunction with Saturn. 

Mars has become the “star” of the planetary com- 
pany, being in opposition to the sun on January 18, 
and therefore visible the entire night. It is in the con- 
stellation Gemini. On the 15th it will be about 60,000,- 
000 miles from the earth, so that a telescope magnifying 
250 diameters will bring it within an apparent distance 
equal to the real distance of the moon. A compari- 
son of the lunar features seen by the naked eye with 
those of Mars seen with the telescopic power mentioned 
will be an object lesson in the difficulties of planetary 
observation. This is a very unfavorable opposition of 


The manufacture, | 








will serve to attract all eyes. 

Jupiter, in the constellation Libra, is a morning star, 
rising, at the opening of the month, soon after 2 A. M. 

Saturn is also a morning star, in the constellation 
| Ophiuchas, It rises on the Ist about 5:40 A. M., and 
those who get up early to see Mercury about the 11th 
will enjoy a sight of the ringed planet also, as well as 
of the brilliant Venus. 

Uranus is a morning star in Scorpio and Neptune an 
evening star in Taurus. 

THE MOON. 


January begins with the moon approaching last 


quarter, that phase being reached on the 4th. New 





and full moon on the 26th. 
MISCELLANEOUS. 
There will be a partial eclipse of the sun on January 

11, visible along the North Pacific coast. 

A meteoric shower is due on the night of January 
2, the radiant point being in the constellation Draco. 
These meteors,;which are described by Mr. Denning as 
swift and making long streaks, should be looked for in 
the north, under the Pole Star. ; 

There will be a minimum of the variable star Algol 
on the 19th, about 7 P. M. 

——___——_>-- 0-2 ______. 
AN ARCTIC RAILROAD. 


BY PROF, J. H. GORE, 


Several years ago, when the railroad was built from 
the head of the Gulf of Bothnia to the iron mines of 
Gelivara, it was thought that the limit of Arctic engi- 
neering had been reached. If the practical results of 
this road had come up to the expectations of its pro- 


have been made to erect and maintain a road lying 
wholly within the frozen zone. 

The ore from this region contains froin 68 to 70 per 
cent of iron, but having a little more than one per cent 
of phosphorus, it yields to only a few of the many 
on the Siemens-Martin principle. Such works as those 
Swedish mines, bring the coal from England, and 
place the iron on the market in competition with iron 
that comes from countries where the raw materials are 





found side by side. 

In Luleaa, the ore costs about $2 per ton, and the 
freight to Stettin or Westphalia amounts to $2.25 per 
ton, since the vessels must return, at least for a greater 
part of the way, in ballast. However, the chief diffi- 
culty is not in the matter of cost of transportation, but 
| it lies in the fact that the northern part of the Gulf of 
Bothnia is open only about four and one-half months 
lout of the year. In this short period, however, the 
annual shipments are 800,000 tons. Another incentive 
|for the construction of a better avenue for export is 
|the inereasing demand in England for this grade and 
|character of ore, to take the place of Spanish ores, 
which are growing searce and more difficult to obtain. 
The English reducers find that by mixing the Gelivara 
ores with their own poorer ores they can obtain, in 
their high furnaces, 55 per cent of excellent iron. 

With any number of open harbors on the Norwegian 
coast, it was seen that a railroad built directly across 
Sweden and Norway would furnish the best possible 
outlet for the products of these mines, besides opening 
up alarge area of land now practically inaccessible. 
A few years ago the route was agreed upon and work 
begun, but partly through lack of funds and partly 
because of the fear that the road, when completed, 
might be used by Russia for carrying troops in case of 
war with the joint kingdoms of Sweden and Norway, 
no great progress was made. However, the two gov- 
ernments bave now taken the matter up and will push 
the work forward as rapidly as the conditions will per- 
mit. Norway has appropriated nearly three million 
dollars for the construction of that portion which lies 
in her territory. This will be the shorter end, but 
more difficulties will be encountered, for on this section 
there will be thirteen tunnels, two long bridges, and 
many deep cuts and viaducts. For the Swedish end: 
the government has made a grant of about eight mil” 
lion dollars. It will have, as now projected, only four 
tunnels and one bridge of any length. 

In general, the engineering problems are neither 
numerous nor difficult. The plan is to work in the 
open during the summer and on the tunnels in winter. 
Some trouble is anticipated from the snow, which in 
this region 1s so moist that it packs and quickly freezes 
so that it becomes solid or else covered with a heavy 
crust. It 1s proposed to erect snowsheds over the most 
exposed portions and to rely upon snowplows for keep- 
ing the rest of the track clear. 

The gage decided upon is 1°435 meters (4 feet 7 
inches), or 10°5 centimeters (3°7 inches) less than the 
Russian gage, and the rail is to weigh 40 kilogrammes 
per meter. In driving the tunnels, air drills will be 
used, but the motive power for compressing the air 
will be electricity generated by water. It may look 
like a great waste of energy to transmute power so 
often, but the idea is that compressed air drills are the 





moon occurs on the 11th, first quarter on the 18th, | 


moters, it is quite likely that no second attempt would | 


reduction processes, notably the furnaces constructed | 


at Stettin find it profitable to ship this ore from the | 


Mars, but its red color and its conspicuous position | best, and that the electric wire is the cheapest way for 


transmitting energy, and water power is so abundant 
that large wastes can be tolerated. According to the 
terms of the contract, the road is to be in running 
order over the entire distance, 292 kilometers (181 
miles), by the first of October, 1902. It will be equipped 
with new ore cars of the best pattern and turned over 
They are to pay 


| to the company owning the mines. 
jall the running expenses, keep up repairs, and turn 
| over annually to the two governments a certain per- 
| centage on the amounts they expended in building the 
jroad. By way of security, the company’s stock is held 
|in trust by certain banks, which guarantee payment 
of the amounts agreed upon. 

The western terminus of the road is Victoria Harbor, 
which is hereafter to be called Ofoten, in order to have 
a purely Norwegian name and avoid the evidence of 
any obligation to Sweden for the use of the name of 
their queen, whom they have in common. When com- 
pleted, it is expected to ship 1,500,000 tons per annum, 
}and to place it in England for $3.50 per ton. In addi- 
tion to this saving of 75 cents per ton, the shipment 


ean go on throughout the year, thus giving constant 
employment instead of the intermittent type of the 
present day. Even with this enormous output there is 
no cause for fear that the supply of ore is likely to be 
The most cautious and conservative 


soon exhausted. 
estimates, based upon a thorough examination by 
means of repeated borings, place the amount of or 
within easy reach at 250,000,000 tons, 

In mining, the methods pursued will allow work to 
go on uninterruptedly throughout the vear, by work- 





ing above ground during the open season and in tun- 
nels when the weather is at its worst. The best appli- 


ances for hoisting, loading, and unloading are being 


acquired—most of them coming from the United States 
|—and there is every reason to believe that this road, 
though entirely north of the Arctic circle, will pay 
from the very first. 

As intimated already, it will open up a section that 


possesses unexpected possibilities. Just east of the 
lrange of mountains that forms the boundary between 
| the two countries there is a large area of land which 
affords excellent pasturage, and although timber is 
lacking there are deposits of peat more than sufficient 
| for fuel. When the peat is removed, a very fertile soil 
|} is found which, even in the short summer of this lati- 
tude, will yield a good crop of hay and even potatoes. 
| At the present time there is only one person to each 
|four square miles, so that with the building of this 
}road a new agricultural or at least grazing district will 
| be available. 

| This road will have still another beneficial effect. It 
|ecomes within 67 kilometers (41°5 miles) of the Russian 
| boundary, and Russia, realizing the importance of 
| having a western outlet that is free from ice through- 
| out the year, is taking steps toward building a road 
| through Finland, and is urging Sweden to put in the 
}short connecting link that will place St. Petersburg 
within 1,100 kilometers (682 miles) of the Atlantic 
Ocean. The value of sueh a connection for Russia 
would be enormous. At the present time, all imported 
articles there are sold at an increased price, because of 
the fact that they, brought in during the open season, 
must lie in stock weeks or months before being sold. 
The consumers must also pay higher prices because of 
the inability of the dealers to take advantage of favor- 
able fluctuations in making their purchases. These 
facts are so forcefully realized that it is safe to predict 
that by the time the Swedish-Norwegian road is fin- 
ished the Russian connection will be made, and very 
soon thereafter one will be able to travel by rail from 
the Atlantic to the Pacific—from Ofoten to Vladivos- 
tok. 

Columbian University. 
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PRESERVE YOUR PAPERS. 

By taking a little trouble, when a paper first comes 
to hand, it may be kept in a way to form a per- 
manent and most valuable addition to the reading 
matter with which all families and individuals should 
be supplied. We furnish a neat and attractive cloth 
board binder, which will be sent by mail,!prepaid, for 
$1.50. It has good strong covers, on which the name 
ScIENTIFIC AMERICAN or SCIENTIFIC AMERICAN SuP- 
PLEMENT Is stamped in gold, and means by which the 
numbers may be securely held as ina bound book. One 
binder may thus be made serviceable for several years, 
and when the successive volumes, as they are com- 
pleted, are bound in permanent form, the subseriber 
ultimately finds himself, for a moderate cost, in posses- 
sion of a most valuable addition to any library, em- 
bracing a wide variety of scientific and general infor- 
mation, and timely and original illustrations. Save 
your papers ! 


>> 





A PASTE with which wall paper can be attached to 
wood or masonry, adhering to it firmly in spite of 
dampness, is prepared as usual of rye flour, to which, 
however, are added, after the boiling, 8', grammes of 
good linseed oil varnish and 844 grammes of turpen- 
tine to every 500 grammes.—Western Painter, 
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HOW TO MAKE PAPER FRICTION WHEELS. 


BY B. F. FELLS. 

The subject of paper friction wheels, which has been 
discussed to some extent by the technical press, is an 
interesting one to power users, 

I became convinced years ago that, with very few ex- 


ceptions, a suitable quality of paper stuff would make 


COLU WATER 





Fig. 1.—PULP MIXER. 


durable friction surface. In my experience with 


paper wheels I have always used a special mix- 


a 
these 
ture of pulp, seeking to get a combination that was as 
hard as could be worked to advantage and very fine 
| accomplished this by using a large percent- 


I procured some 


grained 
age of 


high grade unbleached sulphite pulp and used this as 


selected stock in the mixture, 
a base, adding to it small quantities of vaseline, after 
i put the pulp through a special device for 
further working, a drawing of which is shown. 


which 


The apparatus consists of a cast iron central pipe, 
cone-shaped at the bottom and fastened to the false 





Fig. 2.—SECTION OF MOULD AND MOULD FILLER. 


disks, and eighth disks, during which operation I add 
glue. It isa very difficult matter to tell which grade 
of glue will suit. The so-called waterproof glue con- 
sists of glue and carbonate of lime, or glue, zine white, 
and aleohol. Glue for preparing most pulp articles is 
a mixture of glue, “stick,” and sulphate of zine. This 
kind of glue seemed to me to be the best for the pur- 
pose. The illustration, Fig. 2, relate to the casting of 
the pulp. This figure shows a section of the type of 
mould used for casting the pulp. 

The upper part of Fig. 2 shows a cylindrical cast 
iron tube with a bottom andatop or lid. The bottom 
is preferably watertight, and packed and locked with 
a screw the same as used in curb boxes. The connec- 
tions to the gate are slip joints packed with a rubber 
ring, which is slipped into a groove in the end of the 
sockets which are attached to the outlet. After the 
device is attached to the gate and filled with pulp, it 
is only necessary to raise the lever, when the plunger 
is elevated and the pulp runs through tothe mould. 

In pouring in this manner, the pulp is taken from 
the bottom, avoiding the use of pulp which has con- 
tracted from the effects of the atmosphere. I have 
used a mould similar to that shown in cross-section 
in Fig. 3 for casting a lagging on a wheel. The 
wheel form is supported on the stubs, and the cope is 
rammed up with sand with the pouring gate, as in- 
dicated. 

By this method the pulp is cast on the wheel entire, 
there being no breaks at joints, as in the divided lag- 
ging. Next comes the special operation for rendering 
the) paper wheels suitable for use. In the rough state 
the surfaces are firm, but lack the necessary properties 
of a friction wheel when the lagging is dry. Skillful 
applications of tallow mixtures bring about the desired 
end, and pure ox tallow may be applied to the wheel 
face mechanically by the use of thefdevice illustrated in 
Fig. 4, in which a tank (not shown) contains the melted 
tallow mixtures which are put upon the surface of the 
lagging through the brush. 

This brush is a hollow metal shell supplied with 
handles and hog bristles. The tallow ingredients being 
kept in a liquid state by the steam admitted through 
the pipe, and the flow being governed by the valve, 
the operator has only to guide the brush over the sur- 
face of the wheel. The latter is revolved rapidly on a 
shaft. The tallow mixture can be made from pure ox 
tallow, previously melted and maintained at a tem- 
perature of 170° F. Pure ox tallow is effective, but at 
times more suppleness may be got by adding an ounce 
of crude wax, three ounces of powdered barytes, and 
one pound of glue to a fifty pound batch of tallow. 
The baking or hardening process is best accomplished 
in a gas-heated oven like that shown in Fig. 5. Here 
is a plan for making a gas-heated oven consisting of a 
sheet iron box provided with a perforated false bottom. 
The gas burners are arranged below this false bottom 
and are supplied with air and gas through the junce- 
tion pipe. Stop cocks should be fitted to the piping, 
so as to govern both the air and gas supply, thus con- 
trolling the heat. There are racks upon which to 
place the wheels to be treated. Ventilation is made 
by having sub-pipes leading into a main pipe, thus 
assuring perfect ventilation from the sides. The final 
finish of the wheels is with linseed oil or crude petro- 
leum, a very little being put on at a time and rubbed 
in thoroughly until the surface looks like a mirror. To 
counteract the ill effects of the temperature in damp 
places the wheel face should be rubbed occasionally 





bottom of the pulp tank. The tank is made of wood. | 
Three small pipes are fixed to a center piece vertically | 
and arranged to connect with the steam pipe. The) 
object of these pipes is to distribute steam jets in the | 
pulp and free the It will be noticed | 
that upper and lower portions of the pipe are join- | 
ed by a flanged joint. After steaming and stirring the | 
pulp thoroughly in this pipe, I lift off the upper part, | 
and let the pulp fall to the false bottom of the tank. | 


[ then open the hot water valve and let a deluge of hot | 


mass of fiber. 


the 


water come in through the spout which leads into the} 
cone, and overflows to the pulp on the false bottom of 


with equal parts of linseed oil and turpentine applied 
with a flannel and then rubbed in with a soft cloth. 
There is no doubt that paper friction wheels will some 
day be apart of regular business. In the case of a 
friction wheel which recently came under my care and 
which had always been lagged with leather about once 
in three months, a good paper of strong, close-grained 


pulp stopped all trouble. It has now been running 


This 


several months, with but little signs of wear. 


wheel is 20 inches diameter and runs 2,000 revolutions 


per minute. 
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A New French Telephone, 


that, when used in connection with a phonograph, it 
is capable of emitting audible sound waves to a dis- 
tance of nearly 2,000 feet. 

+ oe 
Wealth of Labrador, 

More is being heard now of Labrador, that land to 
which legends of giants and curiously deformed men 
are attached, says The Vancouver News Advertiser. 
During the last two or three years there has beena 
growing belief that Labrador, that ‘‘ great and terrible 
wilderness,” that ‘‘ Helluland,” or region of naked 
rocks, as the old Norseman ealled it, is destined to turn 
out arich mining region. As yet there is no tangible 
proof of this ; but of late it has been explored in many 
directions, its rivers have been ascended, its tableland 
crossed at several points, and the result has been that 
it has attracted much more attention than before, and 
is no longer regarded as a desolate heap of rocks, use- 





SWAY 





Fig. 4.—-FINISHING. 





| less for the purposes of civilized man. Mr. Lowe has 
| told us of its vast forests, and visitors from various 
|lands have brought back so many specimens of min- 
erals that a widespread impression has arisen that it 
will become a great mining field. 

The magie word gold has been whispered in connec- 
tion with it, and the possibility of a northeastern 
| Klondike being discovered here has taken possession 
|of the minds of no small number of explorers. Its 
formations are said to resemble those of the real Klon- 
| dike, and gold specimens have been found which the 
| keen-eyed hunters of that metal regard as peculiarly 
| promising. The result is that no fewer than seven ex- 
ploring expeditions have made this year for Labrador. 
Five of those were organized in Halifax, one left from 
Boston, and the seventh has just started from St. 
John’s. 
In another respect Labrador is attracting attention. 
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Fig. 5.—DRYING OVEN, 





According to La Vie Scientifique, the French Min- 
ister of Commerce has been conducting experiments 
with a new telephone invented by Pierre Germain, an 
inspector of telegraphs in Paris. In order to secure 
patent-rights the inventor has withheld all informa- 
tion regarding the mechanical construction of his tele- 


Though the ceast is a succession of grim rocks—not 
without a wild, stern beauty of their own and almost 
treeless—yet at the heads of some of the bays and in- 
lets there are large areas covered with timber of a large 
size, mainly spruce, well adapted for lumbering pur- 


phone. From the little that can be gleaned from 
the first experiments made, it would seem that the| poses. In these Labrador forests speculation! is rife 
telephone was capable of reproducing sounds with| this year. No fewer than twenty-one applications for 


timber limits, some of them for five hundred square 
miles, have been made to our government, and the 
same number of licenses to cut timber have, we under- 
stand, been granted, so that a considerable amount of 
capital is likely to be invested here, and this will furnish 
increased employment to the people. Labrador hitherto 
has been famous only for the fish wealth of its seas ; 


greatly increased phonic power, but with a loss in 
clearness. In the experiments, the receiver having 
been brought closer to the ear, not a single intelligible 
word could be heard; but the greater the distance be- 
tween the receiver and the ear, the clearer was the 
sound reproduced. The first defect, it is said, has been 
remedied. When the experiments were made with 





MOULD FOR LAGGING IRON WHEEL. 


Fig. 3. 


the tank, carrying before it any of the pulp that re 


mained in the lower part of the pipe. Next I rinse off 





by Howing in cold water in same way. Time for steam- | 


For hot water bath I allow 20;min 
I now let the pulp 


ing, about 3 hours 


utes, for the cold wash 10 minutes. 


le a few days until it is in good condition for mould- 


this instrument, men and women walking in the streets, 


although more than 100 yards distant from the receiver, 
would stop and stare, wondering whence came the 
voice of superhuman power which they heard above 





ing, and then shape it into disks, half disks,;quarter 


the din of the streets. So powerful is this instrument, 


now it would seem as if the treasures of the land were 
to be turned to account. Its dimensions are enormous. 
The Atlantic coast line is over one thousand miles in 
length, and the area of the entire peninsula not less 
than 420,000 square miles. 
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A NOVEL CUSHION TIRE. 

A cushion tire has been invented by O. Ramsey, of 
El Campo, Tex., which is composed of a series of coiled 
springs and a series of plate springs, both so arranged 
between the tread and the rim that they can be easily 
removed and others substituted, without the necessity 
of removing the tire from the rim. 

Of the accompanying illustrations, Fig. 1 is a per- 
spective view of a wheel-rim, with parts broken away 
to show the construction of the tire, and Fig. 2isa 
cross section of the tire and rim. 

On the rim there are secured by straps, a series of 
plate springs curved to form divergent arms of unequal 
lengths. The plate springs are so arranged that the 
outer end of the long arm of one spring shall overlap 
the outer end of the short arm of the second spring in 
advance. Two sets of coiled springs are arranged 
around the rim and disposed in alternate series. One 
set is secured to the points where the plate springs are 
bent and fastened to the rim. The other set is secured 
to the points where the arms of the plate springs 
overlap. 

The tire consists of a covering of rubber thickened 
at its middle or tread portion, as shown in Fig. 2. Be- 
neath the tread of the tire a strip of cork is secured, 
which is designed to prevent the moisture, which might 
possibly penetrate the tread of the tire, from corroding 
the springs. The edges of the tire are seated in rab 
bets upon flat packing rings of rubber, likewise de- 
signed to prevent the entrance of moisture. To secure 
the tire to the rim, flat spring-metal bands through 
which bolts are passed, are employed. The bands are 
made in sections to permit the removal of any segment, 
should it become necessary to repair a broken spring. 

Tires thus made may be used on bieyeles and other 
vehicles. Should one of the springs become broken, 
the tire will not collapse, but will still be retained in 
position by the remaining springs. 

- —_»+-6-e______ 
A LOCOMOTIVE WITH OSCILLATING CYLINDERS. 

We are indebted to T. W. Garbutt & Company, of 
Garbutt, Ga., for illustrations of the curious, but ser- 
viceable, logging locomotive which is shown in the ac- 

companying engraving. The peculiarity of the engine 
consists in the.use of oscillating cylinders in place of 
those of the standard type. Although this 
is not the first time that locomotives have 
been constructed with oscillating eylinders, 
we do not know of any other instance where 
the problem has been worked out with satis- 
factory results, or where the engine has stood 
the test of hard service ; for we are assured 
by our correspondent, Mr. A. G. Garbutt, 
that the engine in question has been doing 
good work, and has not developed any de- 
fects in the trunnions or the moving parts 
which are peculiar to this type of construe- 
tion. The details are shown in the accom- 
panying line drawings, from which it will 
be seen that the cylinders are carried at the 
ends of a hollow trunnion shaft, which is 
placed immediately below the smoke box, 
and bolted to the engine frame at this point. 
The shaft, which 


aets as a steam 


ina recess formed in the cylinder casting is a ‘* quarter- 
box,” C, which is normally pressed in close contact 
with the trunnion by means of a pressure plate, D, and 
stiff spiral springs, Z, a steam-tight joint being secured 
by a copper diaphragm, @, and rubber packing. 

When the cylinder is taking steam at the front end, 

















RAMSEY’S CUSHION TIRE. 


it is very evident that the pressure has a tendency to 
push the cylinder forward, bringing it firmly against 
the trunnion, thus making a steam-tight joint on the 
backward stroke. When the rear port is open and 
the cylinder is taking steam from that end, it tends 
to carry the cylinder to the rear; but the steam when 
working on this end not only fills the cylinder but 
also causes a pressure on the pressure plate, which 
bears on the ‘* quarter-box,” C, equal to that on the 
piston. This counteracts the pressure on the piston, 
and the ecoil springs already mentioned bring the 
eylinder forward against the trunnion and thereby 
make a steam-tight joint on the forward stroke. It 





will be noticed that the guide bar, K, is cast into the 





cylinder head and that the crosshead is connected 
directly to the crank pin. 

The oscillating type of cylinder was adopted in this 
ease with the object of reducing the number of moving 
parts and providing a very simple locomotive that 
could be readily handled by the men in the logging 
camps. The builders have certainly succeeded in 
simplifying the ordinary locomotive as far the 
multiplicity of parts is concerned, for this little engine 
has neither eccentric straps, rods, nor links, and indeed 
the entire link motion of the locomotive is dispensed 
with, not to mention the main rods, 

The brake has proved itself to be simple and effec- 
tive. It is operated by a 6-inch steam cylinder, bolted 
to the bottom of the boiler midway between the frame 
and the driving axles. A %s by 3-inch bar connects 
the piston of the brake cylinder with levers on 
both sides of the boiler, as shown in the larger en- 
graving. Wooden brake shoes are used and springs 
are provided to prevent the lagging of the shoes on the 
wheel when the brake is not in The weight of 
the locomotive is not given, but the’ other particulars 
are as follows: The barrel of the boiler is 40 inches 
in diameter by 10 feet in length or 13 feet including 
the firebox. The cylinders are 12 inches in diameter 
with an{18-inch stroke. The four wheels, all of which 
are available for adhesion, are 36 inches in diameter, the 
tires being 8 inches in width. The boiler pressure is 
140 pounds per square inch. Owing to the small tank 
capacity, the engine is limited to runs of from 12 to 15 
miles in length, which, however, is sufficient for the 
purpose of the sawmill. Ona level track this locomo 
tive is capable of hauling twenty loaded cars with little 
difficulty. 


as 


use, 


—»><+3o>+—— -——- — 
The American Sulphur tnodustry. 

About the time of the outbreak of 
Spain, in discussing the sulphur supply of this country, 
we ventured the prediction that if, under the stimulus 
of war prices, the known vast deposits of brimstone of 
the West and South were opened and worked, the in- 
dustry thus created would not be allowed co perish 
with the cessation of the war, but would become per- 
manent. 

We are pleased to learn that this prediction has been 
verified to the letter, and a great deal sooner 
than we anticipated. It 
that the owners and workers of sulphur 
mines opened in California (Humboldt 
County) and in Utah have found that the 
deposits can be worked at a profit at peace 
prices (or those which prevailed prior to the 
war with Spain), and the mines are now in 
full blast on this basis. 

The United States is thus made indepen- 
dent of Europe, and the rest of the world, 
in still another commodity, important in 


iiostilities with 


is now announced 


























DETAILS OF TRUNNIONS AND CYLINDERS. 


peace and indispensable in warfare. With 
her extension of territory in the tropies, the 
great markets there opened to her, and the 
mighty industrial advances thus stimulated, 
the time must soon come when our country 
will not need to go beyond her own bound 

ary lines to obtain 


every necessity 





pipe, is divided 
longitudinally by 
a diaphragm. 
Steam is admitted 
by a two-ported 
reversing valve at 
the center of the 
shaft. The steam 
ports are formed 
at the forward 
end of the eylin- 
der, in the hollow 
circular steam 
chest, which forms 
the bearing on 
which the eylin- 
der oscillates. 
After the cylin- 
been 





der has 
placed on the 
trunnion bearing 
it is held in place 
by a cireular cap 
on the side of the 
eylinder casting 
This cap is clearly 
seen in the half- 
tone engraving of 
the locomotive. 
The method of 
securing steam- 
tight joints be- 
tween the trun- 
nion and cylinder 
casting is very in- 
genious. At the 
front of the trun- 


nion and sliding 





LOGGING LOCOMOTIVE WITH OSCILLATING CYLINDERS. 
Cylinders, 12 inches by 18 inches ; boiler pressure, 140 pounds. 


and 
of life. 
this 
independence 


even luxury 
Whether 
of 
of 
all foreign powers, 
or that of 
and take” hither- 
to existing. will be 
the better 
in the long run, is, 
however, a 
blem that 
future must de- 
-The Na- 
tional Druggist. 


eondition 


“give 


for us 


pro- 
the 


cide. 


“*- 


Absorption of 
Copper by Trees, 





Asolution of 
muriate of copper 
was taken up by 
the roots of pines 
near Santa Fé, 
Mr. F. H 
Knowlton in The 
Plant World 
This is evidenced 


sa VS 


aceording to M: 
Knowlton, by the 
fact that when 
eut, the roots of 
the pines which 
were bathed in a 
weak solution of 
the muriate yield- 
ed an oleoresin 
of a beautiful 
emerald hue, 
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COMPARATIVE STRENGTH OF THE WORLD'S | inadequate. At present we are fourth on the list,|/apolis” and ‘‘Columbia,” but her speed and endur- 
NAVIES. | having recently passed the Italian and German fleets | ance will be gained at the expense of armor and arma- 

I juest of the relative strength of the navies of | in total displacement. If the new programme propos- | ment. 
h a particular reference to the standing|ed by the Naval Board is accepted by Congress, the} We cannot expect to get ‘‘a quart of efficiency out 

e | | States, cannot fail to be just now of very | total displacement of our navy will be about what that | of a pint of displacement.” 

vit t st ! e brief three months of the Span-| of Russia is now. Russia, however, is actively engaged The science of naval designing consists in securing 
s P, supre importance of sea power was | on new construction, and we must continue to add liber-|such an apportioning of the total displacement of a 
brough » the American people in a series of | ally to our navy if we are to take the third position—a | ship to the different elements of efficiency as shall best 





of which they have not failed! rankingjwhich would be more appropriate to our wealth ! meet the requirements of the nation in whose service 


TaBLeE L—NAVIES OF THE WORLD COMPARED BY DISPLACEMENT. 
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to percely \ brief sea fight lasting less than half a|and the extent and responsibilities of our foreign pos-|she is to beemployed. The fact that there is a consid- 
day, at Manila, and a four hours’ ranning fight at San- | sessions. erable difference in the service required of their ships 
tiago, brought the close of a war which, had the | BASIS OF COMPARISON.—The difficulty of making a] by the various nations, differences due to geographical 
stru been decided on land, would have lasted for | satisfactory comparison of naval strength is proved by| position and general foreign policy, renders it difficult 
many months with a prodigal expenditure of blood and|the many different systems of comparison adopted. | to institute any hard and fast comparison between the 
trea Some of these are obviously misleading, as when the] various navies of the world, and the best that can be 
Che world-wide policy to which we are committed |mere number of ships is taken, or the aggregate num-|done is to compare them as to their actual fighting 
by the acquisition of the Philippines and West Indian | ber of guns, or the speed, or the thickness of armor. | value on a basis of displacement and age. 
Islands renders the possession of an adequate navy an| The value of a navy is not to be determined by any one Such a comparison is more satisfactory than any 
imme and pressing necessity. In the present arti-| of these features alone. A ship of a limited size can |other.that can be adopted, for the principles of war- 
cle we have endeavored to determine exactly where we | only embody a certain amount of the elements of fight-| ship design are so well understood, and the leading 
stand at the close of the year 1898, and while there is| ing efficiency. She may carry an unusually heavy bat- | naval architects are so thoroughly in touch with each 
cause f ngratulation on our improved position com | tery and thick armor, but it will be done at the ex-|other’s work and the contemporaneous improvements 
par vith our practical extinetion as a naval power a| pense of the speed or the coal endurance, as in the case | in material, that we think it is likely that a thousand 
ind a half ago, we must bear in mind that our| of the * Indiana” or ** Massachusetts.” Again, a vessel | tons of displacement in a battleship of a certain date 
improved standing brings with it added soopene> | may be extraordinarily fast, and capable of steaming | is worth about as much as a thousand tons in another 
bilities, for which our present naval strength is quite' around the world without recoaling, like our ** Minne- ‘battleship of the same date, even though the ships 
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differ greatly in design. This statement of course does 
not apply to vessels in which glaring defects of design 
and workmanship are known to exist ; but, as a general 
rule, it may be safely followed. 

There are some builders of warships who are notori- 
ous for turning out vessels of a sensational character, 
in which what might be called the showy and spectacu- 
lar features, such as great speed and exaggerated bat- 
teries, are emphasized at the cost of other less attract- 
ive features, such as coal capacity and ammunition 
supply. The most notorious example of this is to be 
found in the celebrated Armstrong firm, whose vessels 
are the fastest and most powerfully armed in the 
world, It is safe to say that the speed and battery 
power of these ships are secured at the cost of other 
elements of efficiency, and that a thousand tons in an 
Armstrong vessel does not represent so much more 
lighting efficiency than a thousand tons in other con- 
temporaneous Vessels turned out from any of the best 
shipbuilding yards of the world. 

It must be admitted at the outset that, in spite of the 


indicated by the respective bulk of the vessels shown. 
Each navy is represented by a typical first-class bat- 
tleship. The vessels are as follows: England, the 
**Royal Sovereign ;” France, the ** Jauréguiberry ; ” 
Russia, the “Sissoi Veliky ;” United States, the 
**Iowa ;’ Germany, the ‘*‘ Brandenburg ;” Italy, the 
“Sardegna.” The drawings, as will be seen, have 
‘been made with great care and attention to detail, 
with the object of showing at a glance not only the 
relative size of the navies, but the types of vessels to 
which is intrusted the duty of forming the first line of 
defense. 

In the first of the twotables the ships are arranged in 
five classes, according as they are battleships, coast de- 
fense vessels, armored cruisers, protected cruisers, and 
small cruisers and gunboats. We have taken no ac- 
count of the torpedo fleets, for the reason that they are 
such an uncertain quantity that no exact value can be 
put ‘upon them in a comparison such as this ; moreover, 
it is extremely unlikely that the torpedo fleets will take 





any part in pitched battles upon the high seas. The 
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fact that three modern naval engagements have been 
fought, the battles of the Yalu, Manila, and Santiago, 
we are yet very much in the dark as to the relative 
values of speed, guns, armor, ammunition, and coal. 
If anv one knew, to a certainty, that a protected crui- 
ser like the ** Esmeralda,” that is crammed with guns, 
eould rush in and sink, in the first few minutes of a 
fight, an armored cruiser like the ** Dupuy de Lome,” | 
which is clothed from stem to stern and from upper 
deck to water line with armor, our estimate based on 
displacement would count for very little—but no one 
does know that guns are absolutely supreme. At San- 
tiago not a belt or a barbette was penetrated, and the 
stoutest shield that was pierced was not over two inches 
in thickness. 

Until a contest between nations of equal strength 
and skill has taken place, and a thousand-and-one 
vexed questions have been determined, the only satis- 
factory basis of comparison will be that of displace- 
ment, qualified by the age of the particular ships under 
consideration. 

We show the relative strength of the navies of the 
world by three graphie comparisons and two tabular 








analyses, In the front page cuts the size of the navies is 
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fate of the “‘ Furor” and “ Pluton” at Santiago will 
certainly not encourage the use of these craft in the 
open sea and in broad daylight. If the torpedo fleets 
were to be considered, it would strengthen Great 
Britain’s position, because of the number, size, and 
seaworthiness of her destroyers. 

The data regarding the vessels in each class includes 
the number of ships, average displacement, total dis- 
placement, and speed. 

Two different systems of classification have been 
adopted for the battleships and the cruisers, the for- 
mer being graded according to their age (the latest 
ships being, of course, the best) and the cruisers ac- 
cording to their size. There is a much greater disparity 
in the age and, therefore, in the efficiency of the 
battleships than in the cruisers. The former have 
been built at various times during a period of thirty 
years, whereas the great fleets of cruisers, particularly 
in the larger classes, are much more modern, nearly all 
of them having been built during the past ten or 
fifteen years. Hence in the battleships their age is a 
very safe indication of their efficiency, especially when, 
as in our tables, their speed and average displacement 
is stated. The cruisers, on the other hand, being 





nearly all of modern construction, can best be rated 
according to their size, for it will be noted that the 
size is accompanied with high speed, and, as a matter 
of fact, the largest cruisers are in every case of late 
construction. 

The tables include all those ships which, as far as we 
have been able to learn, will be actually under con- 
struction by January 1, 1899. Noaccount is taken of 
the ships authorized under ten year programmes of 
construction, but not yet laid down, 

It will be noticed that the total number of vessels is 
not equal to that shown in the official lists, notably in 
the case of Great Britain and the United States. This 
is due to the fact that we have imposed a limit, either 
of age or speed, in making up the tables. Thus, under 
the head * Battleships, old or refitted,” none are in- 
cluded that are over twenty-five years old, while from 
the coast defense class are excluded all vessels of less 
than 10 knots included in the 
armored and protected cruiser classes have a speed 
of less than 15 knots, and none in the small eruiser and 
gunboat class have a speed of less than 12 knots. The 
result is that our tables show the available fighting 
strength with a closeness which we think has never 
been attempted in any similar tabulation, 

But, while the displacement basis gives us a fair esti- 
mate of the strength of navy as compared with navy, 
class by class, it does not afford a true comparison of 
the relative strength of the classes in any individual 
navy. So many thousand tons in battleships (so to 
speak) is worth more than the same number of tons in 
cruisers and considerably inore than the same amount 
in gunboats. So also there is a variation in the dis- 
placement value due to the age of the boats and 
to other features which do not appear in our first 
table. 

In order to rectify this disparity and reduce the dis- 
placement of the various classes ‘‘to common terms,” 
as it were, we have multiplied the totals by a scale of 
factors of efficiency, the battleships standing at par 
value and the other types having decreasing values, de- 
scending to as low as 0°40 for the British coast defense 
vessels and gunboats. It will be noticed that the 
armored cruisers are valued in the British and Italian 
navies above the ten year old battleships, it being con- 
sidered that their high speed, coal endurance, and 
modern armor more than outweigh the heavy batteries 
of the battleships. The Russian coast defense vessels, 
being of modern construction, with high power guns 
and good speed, are rated at 0°70 as against 0°40 for 
the older British ships, many of which carry wuzzle- 
loading guns. 

The percentage basis affects the United States favor- 
ably; that is to say, it brings out the fact that our 
battleships are all modern, as against the German and 
Italian battleships, nearly one-half of which were built 
from ten to twenty years ago. While the factor of 
efficiency adopted is purely arbitrary, it undoubtedly 
gives results which are more truly representative than 
those cuntained in the first table. 

It will be noticed that Great Britain easily more than 
maintains the position which she has set for herself, of 
being equal in power to the next two strongest navies, 
those of France and Russia ; and the fact that we have 
moved up into the fourth place with (as the efficiency 
table shows) a substantial lead over Germany and 
Italy, will be a pleasant surprise, and highly gratify- 
ing to all those who are interested (and who is not ?) in 
the growth of our naval power. 

_ OO 

THE equipment of the army, in the late war, is re- 
ported upon by Quartermaster-General M. IL. Luding- 
ton. In three and ahalf months an army of 275,000 
men was uniformed, armed, and equipped with sup- 
plies and an army of 16,000 men was sent to Cuba. In 
the war period the animals purchased cost $3,871,690 ; 
wagons and harness cost $358,449, and 83,078 tons of 
coal were purchased. The movement of troops by rail 
aggregated 17,863 officers and 435,569 men. The de- 
partment chartered on the Atlantie coast, to June 30, 
43 vessels with a total of 104,201 tons, and these had 
a carrying capacity of 1,287 officers, 22,335 men, 6,746 
animals, and the arms, ammunition, and camp subsist- 
ence and medical supplies ; four water-boats, of a total 
capacity of 820,000 gallons, tugs, and barges were added 
to this fleet. On the Pacific coast 14 ships were char- 
tered, aggregating 41,152 tons, capable of carrying 629 
officers and 13,059 men and their stores. These vessels 
cost $186,632 for fitting up; and there was paid for the 
service of. these ships $1,007,952 on the Atlantie side 
and $319,764 on the Pacific side. After June 30, other 
vessels were chartered or purchased, increasing the 
total tonnage to 111,099 tons, and the carrying capacity 
to 25,000 men on the Atlantic, and to 61,287 tons and 
20,000 men on the Pacific. Fourteen ships, aggregat- 
ing 61,298 tons, were purchased for $5,431,000 ; includ- 
ing other vessels and lighters bought, the aggregate 
expenditure on this account was $6,476,300. 

en ee 

Your subscription will be discontinued with the 
present issue unless you have sent to the publishers 
the usual renewal; there will be no break in the receipt 
of the paper if you remit at once. 
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THE DANILEWSKY DIRIGIBLE FLYING MACHINE. 
Ve have been favored by Dr. K. I. Danilewsky, of 


Russia, with some photographs of his dirig 


grass was covered with the ejected seeds and skins of 
these berries, all of the pulp having disappeared, while 
the skins were as bright and fresh as when they were 
swallowed, showing they could not have passed through 


Charkov 
ible flying machine and notes of various experiments. 


rhis balloon-flying machine is based on the hypoth-|the alimentary canal. 


esis that if a man’s strength, in proportion to his!| and round and about the size of a ten cent piece. The 
weight, is not sufficient to raise him in the air, he can| birds were constantly flying to and fro between 


his weight is subtracted. By the adjoining woods and the park. Excessive drought, 


hydrogen the weight! by decreasing the supply of their ordinary food, was 


part of 
filled with 
of the man is eliminated from 


raise himself if 


the use of a balloon 


the problem, and he can use 
all his efforts to propel and 
balloon which 


steer the sup- 


ports him Our engravings, 


made from direct 
the 
the relative 


the 


which are 


photographs of balloon 


in mid-air, show 


size wd form of great 


wings, which are 16 feet long. 
In order to utilize the whole 
power of the wings for pro- 
gressive movement, it is neces- 
sary to rise high in the air, 
and then the wings can be 
placed at 90° without any risk 
of descending In the latter 
case, to keep the machine 
from deseending, it is better 
to open the parachute. On 
October 8, 18D7, some 2 as- 
cents were made in an hour 
and a half Other ascents 
were made in the spring and 
summer of 1898 with good 
suecess, the balloon being 
turned round and round re 
peated|y The size of the 


wings was decreased to 11%4 


feet and the working surface 





was increased. At a height 
of 280 feet the balloon was an ceennnens : 
kept immovable and was DANILEWSKY’S DIRIGIBLE FLYING, MACHINE, SHOWING WINGS, 


in the air sev 

eral times It that the 

inflated with fresh hydrogen every seven or eight days. 
While such experiments do not solve the problem of 


turned around 
| evidently the cause of their taking the berries at such 


an early period as September. The next bit of evi- 
dence which the correspondent{obtained was when he 


was found balloon must be 


discovered a number of similar pellets consisting en- 
tirely of seeds and skins of yew berries, the former be- 
ing a bright green and the latter as scarlet as when 
In one of these pellets he 
$25,000 for experiments on the subject under tbe diree The real difficulty in 
tion of competent scientists who will guard against the | accepting this explanation is that, so far as we know. 
wasting of money on the exploitation of freak devices. | 

| Two friends of his came very near seeing the accom- 
Food ?| plishment of this process. A thrush was seated under 
a yew tree going through violent contortions, its wings 
rhey thought it was ill, but 
it flew away strongly as if nothing was the matter. 


i really practical flying machine, which can‘go for miles 


without descending and can be managed at will, still 


they show that inventors are on the right track, and 
our government has done wisely in appropriating|they were on the tree. 


counted twenty or more seeds. 


no one has actually seen the birds eject the seeds. 
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Are Birds Affected by Eating Poisonous 
difference of this sub- 


birds do 


There is a great opinion on 
ject. While maintain 
which is poisonous, others hold they eat only the sur- 


which is per 


not eat fruit | drooping on the ground. 


taxus, Another correspondent of Nature saw thrushes feeding 


rounding pulp, as the berries of 
feetly 
Others, 


harmless, whereas the seed is very poisonous 
have maintained that they do not eat |doubted poisonous plant. 


Nature! In 


again 
instance there is 


this 


A recent number ot 


sufficient to be poisoned 





Each of the pellets was flat | 
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poisonous parts of foods by birds is an interesting sub- 
ject for observation and experiment. Possibly some 
of our readers uaay have noted instances of the same 


kind. 
—— —o +o 


Education of Electric Motor Cabmen, 

The use of electric carriages is greatly increasing in 
Paris, where they now ply regularly for hire. The 
company has secured a tract of land out in the country 
and would-be motormen are 
required to travel up and 
down this tract of land until 
they are proficient in the 
management of the electrical 
vehicles. The road at differ- 
ent places is constructed of 
different material, as asphalt, 
macadam, wood, and 
Various obstructions are put 
in the way, such as baby car- 
riages, pedestrians, bicycles, 
etc. These are made of thin 
boards and are painted to re- 
present the various objects. 
They are held in place by a 
stay or prop, and the motor- 
man is required to circulate 
around them until he becomes 
proficient in managing his 
vehicle. This is an excellent 
idea, and it is to be hoped 
the same thing will be in use 
here when the horseless vehi 
cle comes into more general 
use. Notwithstanding the 
fact there are many electrical 
vehicles plying in the city of 
New York, there have been 
few if any accidents by them, 
which shows that our drivers 
are at least as careful as their 
French brethren. In the re- 
cent severe storm in New 
York electric carriages succeeded in getting along 
rapidly when the ordinary cab could only proceed at 
a snail’s pace, which may be regarded as a genuine 
victory for the electric carriage. 
nnn inca — 

To Our Subscribers, 

The present issue of the SCIENTIFIC AMERICAN is 
the fifty-third number of the year, so that our sub- 
scribers really receive an extra copy. gratis. With this 
issue doubtless wany subscriptions will expire, and we 
request such of our readers as have not already done 
so to remit at once, so that there will be no break in 
We cease 





stone. 








lsending the paper immediately on expiration of the 


subscription, as we feel that this is fairer than to cor- 
tinue sending the paper and collecting for it at a sub- 


freely on the berries of the Daphne mezereon, an un- | sequent time, as is done by many periodicals. We shall 








|THE WINGS RAISED IN MIDAIR. 


contained an interesting letter on this subject in which | little question that they ejected the seeds. He said 


the views of a number of writers are presented. The|they were so stupefied that they apparently might 
correspondent of this journal states that he believes| be taken with the hand. Another writer found that 


the birds eat largely of these berries, both the pulp| pheasants were killed by eating the leaves of the yew 


and seed, and they very shortly afterward eject the | tree, and similar instances have been recorded. Every 
skins the | familiar with the manner in which owls dis 


| 
poisonous substance 


and by the mouth, thus avoiding one is 


seeds 


of thrushes fed on the berries of Pyrus aucuparia, | birds—a habit which is shared by all the raptorial 
The habit of ejecting the indigestible and 


for at least a square wile of ground every patch of | birds. 


He states that where a number | gorge the fur and bones of mice and the skulls of small 


WINGS DEPRESSED. 


be glad to send asample copy of our SUPPLEMENT to 
any of our readers who may not be familiar with it, 
and our combined rate for the two papers places the 
SUPPLEMENT, the most valuable paper of its kind in 
the world, within the reach of all. 
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SWEDISH doctors have no fixed charge for their 
services. Patients are expected to pay in proportion 
|to their ability. 
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MIMICRY IN THE EGGS OF FISHES. 
BY CHARLES F. HOLDER. 
The study of the protective resemblances among 
animals is a field of no little interest, well illustrating 


the marvelous devices of Nature for the protection and | 


perpetuation of life. 
This is well shown in the eggs of fishes, which seem, 
in some instances, to be almost endowed with a special 


its length, the wings presenting a convex surface to the 
air. The covering was light paper and the frame cover 
weighed but afew ounces. Experiments showed that 


| even this small kite had good points for either single or 


tandem flying. Flown in tandem with two moderate 
sized Eddy kites at an elevation of 1,500 feet, the main 


| line was carried up at an average angle of forty-five de- 


grees, and sometimes as much as seventy degrees. This 


sense, enabling them to avoid their enemies and reach | kite was, of course, too frail for anything but a gentle 


the seclusion necessary to their safety. 

The accomplishment of this is attained by a remark- 
able imitation on the part of the 
egg, or egg-case, to plants of 
their various parts. An interest- 
ing, indeed striking, example of 
this is seen in the accompany- 
ing illustration, which shows the 
egg-case of a peculiar shark and 
an egg-case broken, the young 
shark being in the act of eseap- 
ing. Theshark which produces 
the egg is a member of the Cas- 
tracionide ; about | twenty-five 
genera being known, of which 
twenty-two possess a special in- 
terest to geologists as having 
lived previous to the oolite. But 
a few years ago the fish was 
only known by fossil forms, but 
finally a living specimen was 
caught at Port Jackson, Aus- 
tralia, showing that this ‘‘ancient 
and fish-like form” had endured 
until to-day. Another specimen 
was soon discovered in the waters 


Achat 


of California and deseribed as 
franeisci, the singular shark whose 
egg-case is figured. It is a small fish, rarely over three 
feet in length, beautifully marked, having a horny 
spine in front of each dorsal fin. 

The shark is a sluggish creature, often seen lying 
asleep or dormant in crevices in the rocks, and ocea- 


(iyropleurodus 


sionally caught in seines. 

The eggs are deposited in a black or dark case which 
takes the form of a perfect spiral, and looks exactly 
like a leaf of kelp or weed folded up, imitating the 
weed not only inform and shape, but in color. This is 
deposited by the shark amid the kelp beds, where it 
clings to the leaves by the edges of the spirals, and is 
thus prevented from washing ashore. A more perfect 
mimicry it would be impossible to imagine. When the 
young shark attains its maximum size within the egg, 
it bursts open or forees the end of the pseudo leaf and 
swims away to become the victim in many cases of 
predatory fishes. Another shark on the Pacific coast has 
an equally remarkable egg. It is dark, barrow-shaped, 
with four long tentacle like handles which grasp the 
surrounding weed, and cling to it ; not merely prevent- 
ing the egg from ‘floating ashore, but presenting a 
perfect case 
perfectly that it is often passed by 
by the closest observer. 

Many of the eggs of fishes are al- 
most invisible, and float upon the 
surface. Those of the remarkable 
fish Antennarius dot the leaves of 
the kelp, minute white balls, which 
are taken by the novice as some 
interesting lime-seecreting animal. 
The long, grape-like, conspicuous 
eggs of the hag fish are found among 
the kelp in certain localities and 
bear a remarkable resemblance to 
the floats of the weed, and in this 
manner escape detection. Many of 
the egg-cases of sharks illustrate 
the(efforts of Nature to protect her 
own. Some are adorned with bar- 
bels that resemble the small leaves 
of the sea weed in which they are 
deposited, and all have the exact 
tint and color of the objects about 
them. 

—_—— “oe — ——— 
SCIENTIFIC KITE FLYING. 

For several vears past, the making 
and flying of kites upon scientific 
principles has been recognized by 
many amateurs. We have already 
on several occasions illustrated the 
Eddy kites and the experiments of 
Lieutenant Wise and Mr. Hargraves 
are also well known. 
box kite have great efficiency, but Mr. Warren H. 
Smith, of Pontiae, Mich., writes us that he has 
devised a square box kite which is superior to either. 
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cient. 


breeze. 
The next kite was built of solid wood sticks, and 








the cells were covered with manila paper, and the 
wings had a spread of 4 feet. This kite weighed one 
pound and did fully as well as the first. 
12 feet of flying surface and had a pull varying from 3 
to 6 pounds in a moderate wind. Later in the season 
kites 4, 5, and 6 feet in height were built, and they 
were covered with paper or cambric, cloth being 
more suitable for high velocity. The largest two-cell 
kite was 7 feet high, and weighed 6 pounds. This kite 
was flown many times singly, and in tandem with 
lighter ones. In a breeze blowing 12 to 15 miles an 
hour, the tension was from 20 to 30 pounds. The last 
kite of the season measured 14 feet from wing to 
wing. 

There were three cells, one at the top, one at the bot- 
tom and one midway between the other two, each cell 
being covered with a strip of cambrie two feet wide. 
The whole structure was stiffened by many diagonals of 
heavy twine, and it weighed 15 pounds, and presented 
a flying surface of 170 square feet. This kite was 
flown with a 3-16-inch rope, running from a windlass. 
The kite rose steadily, flying at a high angle until over 
three-quarters of a mile of rope was reeled out. It 


of mimiery, the egg resembling a leaf so| was in the air continuously for six hours, and reached 


VARIOUS TYPES OF MODERN KITES. 


The only difficulty in handling resulted from 
the great tension of from 100 to 150 pounds, and the 


| inefficiency of the reel to withstand a heavy strain. 
Mr. Smith’s box kite has the flying bridle on one Mr. Smith's conclusions are that, in general, it is better | 


corner and has its flying surface greatly increased | for each kite to be attached to the main line by its own 


by a pair of fixed 


of the frame. 


triangular wings, thus making/ string, 100 feetor more in length, as it will then fy | 
the entire width somewhat greater than the height | at the most effective angle. Kite flying is an interest-| from the twentieth story. 
The first kite of this sort was only 30/ing and exciting sport, and doubtless many amateurs | cushion was shown by the fact that the eggs and in- 





| 
It presented 


$e 








EGG OF THE SHARK, SHOWING THE YOUNG EMERGING. 
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Elevator Air Cushions in a High Office Bullding. 





Even with all the experience and skill which have 
been devoted to the study of elevator safety appliances, 
with the best waterial and workmanship, with the 
most rigorous and continuous systems of inspection, 
and with competent persons in charge, yet passenger 
elevators sometimes fall and cause more or less serious 
accidents. The manufacturer of elevators uses the 
best and most efficient safety devices he can obtain to 
control the movement of the car and to surely arrest i! 
if a certain speed should be exceeded. The very 

nature of his business compels 

him todo this, because the result 

is financial embarrassment to 
him if his elevators drop ocea 
sionally. This applies with equal 
force to owners of buildings, 
who would difficulty in 
securing tenants if the elevator 
apparatus 
being dangerous. 
beyond the purely 
device and introduce a pneumatic 


have 
were suspected of 
Many even go 
mechanical 


arrangement asa last resort, only 
to be brought into action when 
all else fails. 

The air cushion, located at the 
bottom of an elevator shaft, pos 
sesses peculiar inherent advant 
ages which cannot be gainsaid. 
First, and most essential, it is 
always ready to perform its work 
instantly, and to do it success 
fully, under all conditions. Of 
itself, it cannot get out of order, 
since, practically, it is only a hole 
into which something may drop, some time. Whether 
the car dropped one or twenty stories, its movement 





would cease, not suddenly, but gradually, and with 
out shock. The first cost of tue air cushion is small 
and the outlay for its maintenance nil. It occupies 
space not otherwise valuable. All ,things considered, 
it is difficult to understand why it is not more widely 
employed. 

One of the most extensive and elaborate applications 
of the elevator air cushion is to be found in the Km 
pire building, New York. The building is a twenty 
story office building, recently completed, and provided 
with all the most modern appliances and conveniences 
There are ten elevators, of the high speed hydraulic 
type, arranged in two groups of five each. While nine 
of the elevators are distinctly (for passenger service, 
one is more powerful and is capable of lifting safes 
weighing 8,000 pounds. Each shaft is entirely inde 
pendent from the floor of the third story to the bot- 
tom, and is inclosed by walls which are not perforated 
except This forms the air 
cushion proper, which is about 50 feet in depth. The 
doors of the main floor and of the second floor are in 
two parts, which slide in recesses in the wall. These 
are of bronze and of ample strength 
to resist the air pressure that would 
come upon them if a ear should fall, 


by the door openings. 


The usual open iron work is entirely 
absent on these two floors, solid 
masonry replacing it. The cars 
have also been strengthened with 
the view. of resisting this pressure. 
The shaft walls are battered for a 
short distance below the third-story 
floor. The shaft at this point is 10 
inches wider than the bottom, the 
batter extending just below the 
second floor. This provides a gradu 
ated air escape and adapts the cushi- 
ion to any fall which the car may 
make. 
the lower portion of the shaft, the 
walls of which are vertical. It has 
been estimated that the air cushion 


The ear fits more closely in 


should be in proportion of 1 to 6 of 
the travel ; 
the cushion is 50 feet and the travel 
287 feet. In the bottom of each 
shaft is a suction which 


in the present instance 


valve 
opens inwardly as the car ascends, 
thus preventing the vacuum which 
would result from the car leaving 
There is also an 
which 


the cushion. 
escape valve, 
wardly into the atmosphere. It 
is so adjusted as to sustain the 


opens out 


Both the Eddy kite and the|/an altitude of nearly 2,000 feet, and proved very effi-| weight of a car under ordinary conditions, but will, 


in ease of accident, relieve the cushion of undue 
pressure when the car falls. It has been calculated 
that the pressure in the air cushion, if a car sbould 


fall from the top, would be 314 pounds to the square 


| ineh, 


On July 18, a car weighing 2,000 pounds was dropped 
The efficiency of the 


inches high and 38 inches wide, with the wing piece | will make kites this winter for use during the spring|candescent lamps carried upon the floor of the car 
bent back to a depth of bow equal to one-tenth of / and summer, 


were uninjured.—Iron Age. 
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Scientific American. 











Navy. | steaming, since the fires quickly attain their maximum 
efficiency, instead of, as with anthracite, being almost 
inert for twenty winutes or more after each coaling. 
In short, the board is of opinion that this quality is so 
valuable in a naval vessel that it almost precludes the 
employment of anthracite in time of war, in favor of 


food manifested by modern communities is altogether 
out of proportion to their present requirements. Many 
indications point to the gluttonous consumption of 
meat, which is such a characteristic feature of this 
age, as likely to be especially harmful in this respect. 
Statistics show that the consumption of meat has for 


Coal for the 


The subject of coal for the navy has been of great 


since the war with Spain began, not be 


lportance 


vessels themselves, as was so 


cause of danger to the 


izly suggested in the recent case of spontaneous 


eombustion in the bunkers of the battleship ** Oregon,” 
at the New York navy vard, but beeause of the appre-| more free-burning coal, and that it has considerable | many years been increasing by leaps and bounds, till 
hension that enough might not be obtained for the| advantages in time of peace also.” it now has reached the amazing total of 131 pounds 


per head per year, which is more than double what it 
was half a century ago, when the conditions of life 
When ex- 


A narrow escape from disastrous fires in several war 
ships from spontaneous ignition of the coal would sug 
The examin- 


| j th This 
question has been recently discussed by The Evening 
There 


t of the neutrality laws, 


gest that it was a very dangerous cargo. were more compatible with high feeding. 


Post. from whieh we glean the following facts. 
was no apprehension felt that there would be any| ation into the causes of the spontaneous ignition on | cessive quantities of such highly stimulating forms of 
famine in anthracite, of which the United States is, of | board ship shows that it is due primarily to the absorp- | nutriment are ingested by persons whose cellular me- 


tabolism is defective, it seems probable that there may 
thus be excited in those parts of the body where vital 
which the oxygen is received. processes are still active such excessive and disorderly 
ture so caused is rarely sufficient in itself to bring about No 
spontaneous ignition in coal, but the oxygen itself be-!doubt other factors co-operate, and among these I 

| should be especially inclined to name deficient exer- 


tion by coal of the oxygen of the air. This raises the 
temperature of the coal and this augments the rate at 
The increase of tempera- 


course, the great producer ; but inasmuch as nearly all 


ls of the navy are fitted with boilers and grate 


the vesse 





bars for the use of bituminous or soft coal, the problem 
was one that was feared might become vexatious, as the cellular proliferation as may eventuate in eancer. 


vessels would have to return to the United States or be 
comes chemically active and in bituminous coal it com- 


supplied from colliers at sea. The situation was par } 
ticularly embarrassing for Dewey's fleet, and for the| bines with hydrogen and carbon, further raising the| cise and probably also deficiency in fresh vegetable 
* Oregon” and tor the vessels of Sehley’s command | temperature, and if such action takes place in the cen- food.” 


- t+ Ore — 
The Supplement, 

The current SUPPLEMENT, No. 1200, marks the end 
of the forty-sixth volume of this unique publication, 
| which was started twenty-three years ago. It contains 
‘Games Among 


ter of a heap of small coal, a sufficient quantity of air 
being supplied, spontaneous combustion will probably 
follow. The introduction of high steam pressures, with 
the consequent increase of fireroom temperatures, has 
been followed by an increase in the number of cases of 
It is also claimed 


search of Cervera’s fleet before it was 


This is a great argument 


when cruising 
safely locked up at Santiago. Current 
for ecoaling stations at a distance from home ports 

Recently the Anthracite 
strong efforts to have the navy introduce that variety 


Coal Assoeiation has made 


spontaneous ignition on ship board. many articles of exceptional interest. 


of fuel, without apparent suecess. It is claimed by the 
officers who were in the fleet that destroyed the Spanish | that the pyrites in coal plays an important part in| Criminals and Savages” is a paper by the great crimi- 
‘*How to Grow Mushrooms” 


nologist, Prof. Lombroso. 


3 that it was the excellent | promoting spontaneous combustion. 


Coaling stations have often been a subject of serious | is an illustrated article giving government directions 
consideration, and the navy is now about to establish | for growing them. Itis fully illustrated. ‘ Roéntgen 
This is the only landlocked | Rays” is another original memoir by Prof. Roentgen. 
1 ‘The Engineer and His Work ™ is the presidential ad- 


vessels at Santiago on July 
American soft coal that enabled them to bring the ves- 
und that if the Ameri 


n using anthracite coal and the Span 


sels up to their highest efficiency, 
one at Pagopago, Samoa. 


ean ships had be« 
port of refuge in the Samoan group and it is the best 


iards bituminous, the latter would have gotten away 

from the Ameriean fleet The subject of the relative| harbor among the islands of the Pacific. The war | dress of Charles Wallace Hunt, delivered before the 
values of anthracite and bituminous coal for the navy | with Spain has demonstrated that coal is a contraband | American Society of Mechanical Engineers. “An 
has been a matter of careful inquiry by the Navy De-| of war, and in time of war, when away from their | Cutine of the History of Geological Societies of 


partment for years, and a recent report says home ports, United States steamers are practically use- | America” completes this very interesting paper. 








“When it is considered that nowadays one fleet | Jess for fighting purposes unless they can obtain coal | — = 
under full steam might be alongside of another at} from their eolliers; so that coaling stations at various Contents. 
anchor in a little more than an hour after they sighted | points are not only important, but are absolutely | (itastrated articles are marked with an asterisk.) 
ach other, it wi be seen that, even 1 “ar heavily | necessary 
a Nh ' It be COR SURE, Ove unde hea ily ° | Birds, poisonous, food of. 444; Locomotives, American, for 
banked fires of anthracite, the fleet at anchor would — 0 + - | Bridge, Brooklyn, increasing ca | England : 418 
be at a greater disadvantage for maneuvering; while Increase of Cancer in England, pacity of 41S | Locomotive with oscillating 
, . . . , . P Cabmen, electric motor, educa cylinders* {21 
with low and dirty fires, or with cold boilers, the de- In England four and a half times as many people tion of 424 | Navies, world’s, strength*....417, 422 
struction of that fleet could only be prevented by means | die now from cancer as half acentury ago, and no | Channel for New York Harbor.. 418 | Papers, preserving 419 
extraneous to itself. Promptness of ignition may »| other disease can show anything like such an immense | Elevator air cushions Se ee pr 
, " i " - ns : i Fishes, eggs of*.. #25 | Sulphur industry ° 421 
be of vital importance on a lee shore, or in a sudden) increase, W. Roger Williams says in The Lancet. | piying machine*. ; 424! Supplement, current.. w+. 46 
gale in a harbor, and under other circumstances. Nor | ** Probably no single factor is more potent in determin- | Forests of the world 118 | Telephone, new French $20 
: : : 3 : . : Heavens in January 419! Tire, Ramsey’s* o 
se it i " (rcrencies ne t rs o t ne > bre: * _ePr > ¢ ’ “ ’ 
is it in emergencies alone that rapidity of ignition is ing the outbre ik of cancer in the predisposed than high Kite flying, scientific’. an | Dien, ainnuption of cennerte.. Gi 
useful, for it gives much more uniform action in all| feeding. There can be no doubt that the greed for | Labrador, wealth of 420 | Wheels, friction* 420 
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RECENTLY PATENTED INVENTIONS. Electrical Contrivances, way before the approach of a train, and to open the | consequently, is not jammed against the ribs of the rol! 
crossing after the train bas passed. The apparatus con- | The rull is thus permitted to revolve freely with the for- 




















Agricultural Implements, LAMP. —Watter S. Dog, Jersey City, N. J. This} “ . 
‘ : invention is an improvenment upon a lamp patented by sists of two principal parts: an improved operating me- | ward movement of the cloth. 

HILLSIDE OR REVERSIBLE PLOW.—Epson ¢ the same inventor The improved lamp has a battery- chanism which is provided with a bar so placed as to be DRESS-STIFFENER. Minnie T. SELLERS, New 
Ropinson, Canandaigua, N. ¥ A simple and durable ur formed with one or more cells, each containing an | Cogaged by the tread of the wheels, and a novel gate or | york city. Stiffeners made of wire, reed, or whale- 
jointer has been devised by this inventor, which is of exciting fluid. A cathode in the form of a he!low per- | Closing mechanism, which is operated by the bar through | pone are objectionable because they become easily 
plex form 1 is ma none pi ne pol beit ‘| forated cylinder of carbon contains a suspended perfo- the medium of connecting mechanism. The gate being | proken and the projecting ends are. liable to tear the 
Gupticat : PS wever, & reversed | rated tube of not 1cting material, within which | e™tirely automatic in operation, dispenses with the use of | clothing. The presé nt stiffener, in order to be free from 
position, while the moldboards are in the same horizon. | | ibe an anode is adapted to be dropped. A contact-wire | 4 gateman, and thus removes the danger of accidents re- | these faults, is made of a facing of fabric to which a 
at pone An effective and light reversing device fs also | ,, held in the tube, and on it the anode rests. The con- | sulting from the carelessness of the men placed in charge strip of haircloth is secured, having one edge folded 
provided and a ans whereby th ter-standard wil tact-wire and the cathode are connected with the fila- | Of the usual railroad-crossing gate. upon and extending partly across the main portion of 
vegas: vs : ~ , no a - — or te ee r ment of tke electric incandescent lamp RAILWAY TIME-SIGNAL.—Henry J. Wemertrt, | the material. A greater rigidity is thus obtained at one 
poagh se = — pict ee im - , 3 . Lima, N.Y. In this improved device a signal is ope- | edge of the stiffener than at the other, whereby a skirt 
po sahagaege i nam ecacaen  poeenns ee ee rated in such a manner that it will clearly indicate to an may be made to hang better than would otherwise be 
tion. A frog-box is likewise pr - ad w we h - ‘ ives Engineering Improvements, engineer what length of time has elapsed since the pre- possible, 

- serante mm, ane — les wintes the pres- | LINK VALVE-GEAR.—Joun A. Rost, Axtell, Neb. | ceding train passed a certain point. The signalcom-| [ocKING DEVICE FOR TELESCOPING-BOXES. 
. . . ving u The purpose of this invention is to provide a link valve- | prises a clock-mechanism adapted to be mounted adja- | —o.1:ver B. Hicks. Chicago, Ill. This invention seeks 
LAW N-MOWER.—Mark N. Cormack, New York | gear for steam engines, which is arranged to produce a | cent to the track. The mechanism is provided with an | to provide an improved locking device for telescoping 

‘ The mower of this inventor is provided with a | complete center action by placing the eccentric and easily visible clock-face and dial, and with a hand which | eases such as are used by commercial trave lers. ‘The 

series separate individual cutters traveling in a contin- | valve in a true line at all times, thereby preventing undue may be freed from the clock-mechanism and returned to } device comprises a combined ratchet and guide plate; a 

uous endless ind disposed in two oppositely moving | friction and pinching of the parts under heavy pressure. | zero by the action of a trip operated by a passing train. casing having a sliding engagement with the zuide: a 
oe ads the other, Jn direct con- | The valve-gear is provided with a yoke adapted to be CAR-COUPLING.—Wriu1amM C. SHaw. White Plains, , bolt fitted to slide in the casing and adapted to engage 

eee ; . ; - 2 666 - ame & me os raised or lowered. Toa link made in sections fastened Md, The improved pivoted jaw-coupler patenied by this | the ratchet-plate; a spring-pressed lever encaging the 

ie pesaible te grass of ony height withrat danger | Wal: exe connected with the vabve-atem. Lass souiustion ed on one side of the draw head, A Nestea erentety cat ° | and van yn ae : by a A =e gr 
of « uit mint | from the link are adapted to receive the pivot pins for is pivoted on the eppoes side of the draw-head, adja- swing into the path of the bo:t to lock it against with- 
| | cent to the shoulder, and is adapted to engage the coup- | drawal. 


ling hook. Uncoupling is effected by the use of a lever | BOOK-SHELF BLOCK-CASE.—Apensert E. 
}and rod without difficulty or danger, and the coupling | Fourcu, New York city. 
devices may be set in position to hold them out of action | signed to receive photographic views, and is se con- 


the eccentric-rod heads 


The case is especially de- 


Bicycle-Appliances, 
































IAI ~ York Mechanical Devices, 
SPROCKET-CHAIN, —Cuartes J, Cook, New Yor . _ . . y the same me . red i ing. "he car- | structed that it may be used as a book-shelf block to 
cae Ds te REGISTERING DEVICE.—Jesse ALEXANDER, New | by the same means employed in uncoupling. Th ' y be 
i ’ ' apres un pa by this in- : on . | coupler is designed automatically to couple cars on the | hold books in place. The case has an unbroken front 
ana if . dl ba York city This register is especially designed to be | 7 n i t th D i 
is expecia “ ne O velea, and has | . -st curves as easily ¢ all : : m i » rear. awers are . 
. , nks bave | 2PPlied to type-writers, in order to show the number of shortest curves as easily as on straight tracks. my and is - n : ne ; ar. se rs are mounted in 
t 1 n t nkes CK-HNKS “ » — sore. wr Dae > Case ay be z y > res f R- 
' ie Maheh, | folios written. ‘The register is also applicable to all| RAILWAY-CROSSING SIGNAL.—Jonn D. Tar- | the case and may be withe ti pgpdescenpe spare 
Pek other purposes in which it isdesired to keep a consecu- | Lox, Chillicothe, Ohio. This invention seeks to pro- actuated presser. plate is hinged to the upper front edy 
: : ' : jue fri tive count. The spacing-bar of the type-writer is made | vide an automatic alarm-signal to be placed at a railway- of the case and lies over the top thereof to engage the 
r trie that the parts run easily without undue ic- | a | . : : : , re > case 4 ( e case ace. The 
‘ to actuate a finger, playing over a registering dial, through | crossing, W hich signal will sound an alarm when a train | shelf above the a and to hol , sa = rt place. Th 
won P . : -~geer-piate he anges ¢ 2 side gs » “ives, 
the medium of ratchet wheels and levers. By pressing | is approaching the crossing ; but only when the train | Presser-plate has flanges at wb a and rear ede 
OOT-PROP I . OMAS sROS - : ss . anges C side o or 
FOOT-PROPELLED VEHICLE.—THomas H. Bros- | gown upon the central spindle, the locking devices are | is actually approaching and not when it is standing | which flange project down . ide of the yo porn 
Is trie . ‘ " ‘ . . ‘ * case - ace, > case “s > cle - 
NIHAN, | nore Falls, M Phis veb @ eeey thrown out of engagement with the registering mechan-| or backing. The invention consists in the novel | the case. When in " a = rooney = pe cletin 
‘ of 1a stex g | s . P snishe i > usUE yk-she cks, 
havi , a steering | iam, thus enabling various springs to return the register-| arrangement of a signal-sounding mechanism ; an | &¥ished from the usual book-shelf blocks 
’ ' ' I | | . . 
whee! Is Gtied. On an ax My =< ! | ing mechanism to its initial position, lopen track-cireuit at one side of a crossing; a re-| NON-REFILLABLE BOTTLE. — Epwin WIitevr, 
he fr ' a y ‘ } e fix | » > . . . ohies a Bllanle = 
‘ z oO = ; ~ | LOCK Arzert E. Ormonp, Winnipeg. Canada, sistance connecting one portion of the track-circuit | Newport. .- - In makiog n we fillan) A see — 
. al ; , ome i. ; : » >» resistance diminishi F m - » ig s ntor, a valve-seat is formed in the 
. ‘ k A : ided The purpose of this invention is to provide a lock which | with another, the resistance diminishing as they ap- | the design of t - inve r eo = m - "7 1 : - 
, ° . re pr » » © i . i y coil i . ek-cir- neck, ¢ ww is fitted s v » valve-seat ar 
r rages " ie | may be freely operated by the knob at the inner side of | proach the crossing ; a primary coil in the track-cir- | bottle-neck, and a rir + fitted a rove . lve “ ~ 
th u rer ls \ 1 meshes with a pinion on | 7 . P . per” —_" . ‘ 7 . ide a central c ojecting wn with , 
" } ’ . = ie med | the door, but which cannot be operated from the outside cuit ; a secondary coil operating by an induced current | prov a with — ps projectir oo n “er in the 
' rt I | A , imary -tnate » af . 5 * ing ar connected with the upper portion o re ring 
h th wl ' k shaft. Ar without first manipulating a predetermined combination from the primary to actuate the signal ; and another pri- | ring and co “ " ented ¢ . I ted in th 
, " he ott k shaft ms — ; ~~ . yf 8 , : adap ve seated in > valve- 
rhe lock comprises a series of notched tumbler-disks, | ™4TY t bring the signal to rest. by arms. A ball is adaptec to & et ne 
ar 1 at their upper ends t ime below th : seat. The ball will drop into the cnp whenever the 
t ‘ ‘ . - means r imparting a step-by step rotary movement to a : é 
rea i sea Links nect the arme with he . | bottle is turred up. When the bottle is turned right side 
af - , | the tumbler disks, a spring- pressed ¢ controlled by the | : 7 . 
w crank-shafte, Two pairs o rs are pivoted . Miscellaneous Inventions, | up, the ball will drop into its seat and prevent the en- 
thei , in ie 6 P , fe nll lee tumbler, a bolt-actuating plate, an outer knob, a clatch | 
vl ci mart of the frame TE _ : . . - Tow | “e ' iqui 
athe: , : nnect the | operated by a movement of the dog to pat the outer knob TEMPLE FOR LOOMS. — Patrick Durry, New | trance of al! liquid. ° —— 
ar t n it of 1 & ks connec rv of » . . inventi ~ , ‘ENCE-POST,— > SNELL, Tice. . "he - 
aie in operitive position with the plate, and an inner knob | Bedford, Mass. By means of this invention, cloth may | KENCE-POST.—ARPHAD SNELL, Tice he pur. 
. t T] } ’ * : . = aie a — ry . ie i enti ; , > ~}e NCE. Q 
having connection with the plate, whereby the bolt may | ¥® drawn longitudinally and kept prope rly extended in a | pose of this invention is to provide a clay fence-post and 
STEERING-GEAT Arrucr Doyze, 8 Wash. | be operated by rotating the inner knob transverse direction to permit the filling to be properly ja simple means for securing the wires thereto. The 
rhe steering-gewr ‘orming the subject of this inventio beaten in by the lay without injury to the cloth and | fence-post is provided with a series of transverse 
comprine ® bear is ted t without danger of the selvage’s chafing. A ribbed roll | notches and an opening below the lowermost notch. A 
slide thereon ; and a link piv ‘ ted with th Ralilway-Appliances. is employed, which turns but does not slide axially. On | binding strip crosses the notches in the post and ix pro- 
- . | ‘ . . ‘ 
slide, and attached to the fork, and ade in telescoping AUTOMATIC RAILWAY-GATE.— Dosirne Ber- | this roll a ribbed loose cover is superimposed, between | vided with a flange at its lower end, which flange enters 
parte, When the slide is shifted to turn the wheel, the | Narnpin. St. Eustache, and Zenorpnme Parrenaups, | which and the roll the fabric pasees, The cover auto- | the opening in the post. A flange at the upper end engages 
rider, by clamping both the slide and the bearing, can | Winnipeg, Canada. These inventors have devised an | matically adjusts itself according to the pull on the cloth | with the top of the post, Clamps secure the binding 
readily lock the slide in place until the turn has been | apparatus which is automatically operated by a railway- | and its thickness, so that there is no strain on the loose | strip to the post. The wire which forms the fence is 
made, | train or ite motor to close a highway-crossing of a rail- | cover when pulling transversely on the cloth. The cloth, | passed around the end post between the post and the 
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binding strip, and enters the notches or grooves. The 
wires are then twisted around the strands and the strands 
secured to the intermediate posts. , 
AUTOMATIC WAGON-BRAKE.—Onrton A. LittLe, 
Oxford, Kans. To provide an automatically-operated 
mechanism by which a wagon is made to stop when run- 
ning forward upon the horses, this inventor has devised 


a brake having a shaft with a gear thereon. An inter- 
meshing gear is rotated from a carriage-wheel. A drum 


is loosely mounted on the shaft, and a spring-held 
clutch-mechanism is adapted to connect the drum with 
the shaft. A cable fastened to the drum is connected 
with the brake, and connections from the shaft-mechan- 
ism to the clutch separate the parts by the operation of 
the draft-mechanism, The brake is applied by a for- 
ward motion of the wagon and is released by the team’s 
pulling forward upon the double-tree. 

GATE. — Wassineton Cross, Roseland, La, The 
gate of this inventor is mounted to swing on a vertical 
axis and is provided with a latch-mechanism and with 
devices by which the latch is operated in order to enable 
the gate to open, The devices in question comprise an 
operating lever fulcrumed on the gate-spindle and hay- 
ing connection at one end with the gate. A bell-crank 
lever is mounted in the other end of the lever and is 
connected with the gate-latch. An anti-friction roller 
having stationary bearings is engaged by the spindle of 
the beil-crarnk lever. In opening the gate, a cord is 
pulled, whereby the spindle is turned to cause the bell- 


crank lever to turn and release the latch. The gate will 
then be canted and swung open by gravity. 
ATTACHMENT FOR PAPER-COATING MA- 


CHINES.—Witutiam H. Watpron, New Brunswick, 
N.J. In this attachment, two brushes are adapted to 
have the web of the stock passed between them and to 
be driven transversely of the web, so as to treat the 
stock as it passes between the brushes. 

APPARATUS FOR HANDLING FABRICS.—Ham- 
ILTON K. Parry, Lucas, Ohio. An apparatus on which 
rolis of fabric may be mounted, displayed, unwound, 
and measured, has been patented by this inventor. The 
fabric is mounted between cleats on rods or rolls, is laid 
over a cutter-bar, and extended over a rack by which it 
may be profitably displayed. When it is desired to cut off 
a portion of the fabric, the roll upon which it is carried 
is unwound, By means of a tape-measure carried on 
the frame of the apparatus, the fabric is measured, and, 
with the assistance of the cutter-bar and a knife, is cut 
from the roll. 

FIREPLACE-FENDER.—Lorenzo P. Leae, Jeffer- 
son. Ga. This invention provides an improved fender 
adapted to be transferred from one fireplace to an- 
other, to be adjusted to permit free access to the fire, 
and to prevent the flying of sparks. The fender has two 
side frames, each embodying a top rail and a bottom 
rail. Each bottom rail has a forwardly-extending hook 
and each top rail has a pivot. The front frame of the 
fender has two side bars rigidly j i:ed by horizontally- 
extending front bars, each side bar having a siot in 
which the pivots of the side frames are received. The 
lower end of each bar is adapted to be removably en- 
gaged with the hooks of the bottom rails of the side 
A keeper-sleeve slides on each top rail of the 
sid¢ .rames, The front frame and side frames are cov- 
ered with wire netting, The front frame may be rocked 
up when it is necessary to clean the furnace. 

GREAT CIRCLE COURSE-IN DICATOR. —StTerHEen 
R. Krrpy, New York city. The are of a great circle be- 
ing the shortest distance between two points, navigators 
generally prefer to sail on such an arc. From the many | 
charts now in existence it cannot be readily determined 
by most shipmasters on what course they should sail. 
The present device overcomes this difficulty. The appa- 
ratus consists of an equatorial arc connected with meri- 
dian-arcs. The meridian-arcs are connected with a polar 
pivot, so that the meridians may be swung to any desired 
point. The polar pivot is also mounted upon a meri- 
dian- plane so pivoted at a point representing the center 
of the earth, that the pole may be swung in this meridian- 
plane to adjust the device for any latitude, Passing 
through a central point representing the ship's position, 
is a great circle arc which has a pivot located in the 
meridian-plane and extended toward the center upon 
which the plane 1s pivoted, The distance between two 
points upon the are of a great circle may be read from 
the great circle arc. 

ADJUSTABLE DENTAL RUBBER DAM CLAMP. 
—Artruvur 8. Cooper. McMinnville, Ore. The dental 
device patented by this inventor is provided with a 
clamp which wil) grasp and tightly hold the tooth to 
which it is applied, regardless of the location of the 
cavity. An adjustable arm can be employed in connec- 
tion with the clamp for working purposes, the arm and 
the clamp being adjustable vertically, laterally and to and 
from the tooth, 

THERMOCAUTER- LANCET, — Dr. Witi1am H. 
Beacu, Bridgenorth, England. This invention provides 
an instrument which may be used for surgical purposes 
and for pyrographic etching on glass. The working 
point of such thermocauters is usually made of platinum, 
and often adheres to the fused particles of glass. 
Iridium. being free from this objection, is used by the 
inventor in his instrument. An improvement is pro- 
vided by which the transmission of heat from the incan- 
descent point to the hydrocarbon vaporizing chamber 
forming the handle of the instrument, is more effectually 
prevented than hitherto. In order that the mixture of 
air and vapor may be properly dosed, air is blown di- 
rectly into the passage leading to the combustion-cham- 
ber, without first passing through the vaporizing cham- 
ber. 

GATE.—Wiutram A. Wuircoms, Downs, Ill. This 
gate is provided with posts located near the gate and 
carrying levers projecting at opposite sides of the gate, 
The levers are connected through links with the latch of 
the gate. By pulling upon one lever the gate is unlocked 
and opened ; by pulling upon the other lever the gate 
may be closed. Gates thus constructed are especially 
adapted for farms and country-scats. 

PIN-HOLDER. — Atsert E. Ormonp, Winnipeg, 
Canada, The pin-holder of this inventor is 80 con- 
structed that a strip of paper containing pins is anto- 
matically fed to bring the pins, one at a time, to a dis- 
charge-opening, through which they are forced by a 
lever. The device may also be used as a paper-weight 


frames. 


DOOR-HANGER.—Ricuarp B. Browne, New York 
city. This invention is an improvement in means for 
suspending a door from a track-rail so as to permit the 
door to be readily moved along the track-rail. To this 
end an anti-friction, self-leveling door-hanger has been 
devised, comprising two spaced opnositely-slotted side 
plates; a journaled sheave, the journals of which pro- 
ject loosely into the slots; and an eyebolt whereon the 
lower ends of the side plates are pivoted, the eyebolt 
being adapted to hang a door in place, 

SNOW-PLOW.—Cyritte Durr, Millbury, Mass. The 
body of this plow consists of two shovel-blades joined 
atan angle, The lower edges of the blades at the point 
of the nose extend beyond the upper edges, while the 
upper edges of the blades overhang the lower edges 
from a point near the center to their rear ends. Rear- 
wardly-extending tapering pockets are formed in each 
blade, Correspondingly-tapering screws are held to 
turn in the pockets, and carry the snow back, keep the 
blades properly cleaned and cause the bulk of the snow 
to be delivered at the rear ends of the blades. 


Designs, 

SKIRT-PROTECTOR.—Hvueo Mavt, Rahway, N. J. 
This skirt-protector has a head with a plain upper edge; 
a brush hanging from the lower edge of the head; and 
two rows of spaced ornaments, extending transversely 
of the head and raised on the sides of the head. 

COVERED DISH.—Apo.trpa Parovtaup, New York 
city. The body of this dish is depressed near its base 
and formed with a horizontal ridge between the base and 
the depression. The surface bet veen the ridge and the 
top edge of the body is given an outward swell. The 
handles of the dish and cover are ribbon-like in form. 
The body and cover are decorated with raised figures 

FOOT FOR STOOLS. — Wuti1am R. SHaw, New 
York city. The body members of this design combine 
at their converging ends to form a foot member. The 
upper ends of the body members diverge and are furn- 
ished with oppositely extended arms, so as to permit the 
foot to be readily secured to a stool. 

CARPET. — ALFRED BuNEL, New Rochelle, N. Y. 
his design consists of a central bouquet of flowers and 
foliage, the flowers being roses and daisies. Smaller 
bouquets of similar flowers and foliage are grouped 
around the main figure. 

Notre.—Copies of any of these patents will be furn- 
ished by Munn & Co. for 10 cents each. Please send 
the name of the patentee, title of the invention, and date 
of this paper. 
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RAILWAY ENGINEERING. MECHANICAL 
AND ELKcTRICcCAL By J. W. ©. 
Haldane. With many plates and 


London: E 
New York: Spon 
1897. Pp. 562. 


other illustrations. 
N. Spon, Limited. 
& Chamberlain. 
Price $6. 


The volume before us is of a popular nature, and is 





By mail, #4. 





largely made up of pictures of machine tools, wood work- | 
ing tools, rolls, hammers, engines, boilers, etc., and as it is | 
written in popular style intended for the lay reader it will | 





| electric railw ays, locomotives, boilers, etc., 





for use upon desks. 


doubtless appeal to many readers. 
railway plants are considered and the subjects of bridges, 
are taken up. 
The volume is freely il!ustrated, 


Taek TurtTa-Pat DIAGRAM. Practically 
Applied to Steam, Gas, Oil, and Air 
Engines. By Henry A. Golding. 


London: John Heywood. Manches- 
ter: The Technical Publishing Com- 
pany, Limited. 1898. Pp. 127. 
Price 3 shillings net; $1.25. 

In the present volume the author has presented in as 
simple and practical manner as possible the use of the 
temperature entropy diagram and the various methods 
of drawing it for different beat motors. Most of the 
literature upon the subject has presented the mathemati- 
cal rather than the graphical side of the question, with 
the result that the students have become afraid of both- 
ering with what they believe to be an intricate mathe- 
matical investigation. The present volume will do much 
to disabuse their minds of this idea, and all engineers and 
gas engine men will find it eminently useful. 


INTRODUCTION TO MACHINE DRaAw- 
ING AND Dersian. By David Allan 
Low. Eighth Edition. Revised and 
Knlarged. New York and Bombay: 
Longmans, Green & Company. 1898. 
Pp. 187. Price 75 cents. 

A most practical work upon machine drawing and de- 
sign is before us. We have rarely seen a book of the 
same compass which contains so much valuable informa- 
tion regarding the essentials which all draughtsmen 
should know. Asan introduction to mechanical draw- 
ing, either alone or supplementary to other books, it is to 
be recommended. It is unfortunately tangled up by the 
examination papers of the Departments of Science and 
Arts. Fortunately, we have nothing of this kind to hamper 
our progress in this country, and this section of the hook, 
which is less than twenty pages, may be disregarded by 
the student. 

BULLETIN OF THE UNITED STATES GEO- 
LOGICAL SuRVEY. No. 149.  Biblio- 
graphy and Index of North American 


Geology, Paleontology, Petrology, 
and Mineralogy for 1896. Weeks. 


Washington: Coveremnent Printing 
Office. 1897. Pp. 152, i 


BULLETIN OF THE UNITED tt GrEo- 
LOGICAL SuRVEY. No. 89% Some 
Lava Fiows of the Western Slope of 
the Sierra Nevada, California. Ran- 
some. Washington: Government 
Printing Office. 1898. Pp. 74, ix 


BULLETIN OF THE UNITED STATES GEO- 
LOGICAL SuRVEY. No. 88 The Cre- 
taceous Foraminifera of New Jersey. 
Bagg. Washington: Government 
Printing Office. 1898. Pp. 89, ix. 


Various railways and | 
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The charge for insertion wnder this head is One Dollar a 
line for each insertion ; about eight words to a line. 
Advertisements must be received at publication office 
as early as Thursday morning to appear in the follow- 
ing week's issue. 


Marine lron Works. Chicago. Catalogue free. 


For mining engines. J. 8. Mundy, Newark, N 
“U. 38.” Metal Polish. 


Gasoline Brazing Forge, Turner Brass Works, Chicago. 


Indianapolis. Samples free. 


Yankee Notions. Waterbury Button Co., Waterb’y, Ct. 
Handle & Spoke Mchy. Ober Lathe Co.,Chagrin Falls,O. 





Gear Cutting of every description accurately done. 
The Garvin Machine Co., Spring and Varick Sts., N. Y. 

FERRACUTE Machine Co., Bridgeton, N. J. Full 
line of Presses, Dies anc other Sheet Metal Machinery. | 


Easy Experim’ts of Organic Chemistry. Book by Prof. | 
Appleton. # cents. Snow & Farnham, Providence, R. 1. 


Hub, spoke, wheel, bending, and handle machinery. 
Single machines or full equipments, by the Defiance 
Machine Works, Defiance, Ohio, U. 8. A. 


The celebrated * Hornsbs-Akroy¢” Patent Safety Oii 
Engine is built by the De La Vergne Refrigerating Ma- | 
chine Company. Foc t of East 138th Street, New York 


The best book for electricians and beginners in elec. | 
tricity is * Experimental Science,” by Geo. M. Hopkins. | 
Munn & Co., publishers, 361 Broadway, N. Y. | 


¢? Send for new and complete catalogue of Scientitie 
and other Books for sale by Munn & Co., 361 Broadway 
New York. Free on application. 
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TO 
or no attention will be paid thereto. This 1s for ow 
information and not for publication. 
References to former articles or answers should 
give date of paper and page or number of question, 
uiries not answered in reasonable time should 
» repeated : correspondents will bear in mind that 
some answers require not a little research, and. 
though we endeavor to reply to all either by letter 
or in this department. each must take his turn. 
Buyers wishing to purchase any article not advertised 
in our columns will be furnished with addresses of 
houses manufacturing or carrying the same. 
Special Written Information on matters of 
personal rather than general interest cannot be 
expected without remuneration. 
Scientific American Supplements referred 
to may be had at the office. Price 10 cents each. 
~~ referred to promptly supplied on receipt of 


sunhoraie cont for examination should be distinctly 
marked or labeled. 








(7538) H. W. asks: 1. What is the best 
insulating compound to apply on armature? I have used 
shellac, but after the machine has been run for au bour or 
80 the shellac, begins to blister. A. The bars of an ar- 
mature should be separated from each other by mica. If 
the insulation has been destroyed, it cannot be perma- 
neutly repaired by any liquid insulator, The proper 
remedy is to have the armature taken apart so far as is 
necessary and new insulation put in as when it was built, 
2. What is the most reliable material to put on a pulley to 
stop belt from slipping? A. A piece of beeswax rubbed | 


or the belt and pulley occasionally is probably the best | ¢ 


application that can be made. 


(7539) F. A. M. asks: 1. Is there any- 
thing better or more adhesive than shellac for cementing 
the convolutions of the armature coils together on sim- 
ple electric motor? A, There is nothing better than 
shellac for coating coils after they are wound, It is one 
of the best insulators and is quite strong when well dried. 
You can tie the coils with acord, 2. Would it do any 
harm to put a few coats of furniture glue on the coils? 
A. The objection to the use of glue to bind the wires to- 
gether is that it will soften if it is in a wet place at 
any time, If it absorbs water, the insulation is injured. 
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Acids, making alphylamidonaphthol 
Levinstein & Mensching 
Advertising device, G. A. Newkirk. 
Advertising device, car, A. H. Hieatzman 
Air brake, M. Corrington........ 
Alarm. See Burglar alarm 
Ammeter for alternating electric currents, W. A. 
Layman anes 
Animal jaw trap. c R Willing - 
Animal trap, 8, L. 
Are light regulator, we x Kelly 
Back pedaling brake, J. A. Caldwell 
Basin, eg closet bowl, bath at. ‘ete. 
. F. "re 
a, “A: Farne’ 
Bearing and ~o lh {transmitting device, 
bined, Billberg & W wae vd 
Bearing, velocipede, G, 
Bedstead, F. F. Me _ 
Bicycle, G. W. pe. . 
Bicycle, EK. E. Wh 
Bicycle brake, H. D Milis.. 
Bicycle brake, W. H. yarks. 
Bicycle, chainless, A Spars... 
icycle, chainless, O. W. Schaum. . 
Bicycle coupling, ¢ ottreil S Condit. 
Bicycle drive gear, J. ° 
Bicycle driving neat, r “Courtrigiit 
Bicycle gearing, F. 
Bicycle pedal, J. E. , w ‘alker 
Bicycle seat. G. F. Bar 
Bicycle support, W. Fr. Ww ; 
Board. See Pastry board. Plaster board. 
Boiler. See Steam ca 
Boiler, J. a Steven 
Boiler, C. 
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Boiler furnace, PD. H. Streeter. 
Bolt cutter, 0. A. Ho 
Bolt holder, K. .. Lt a 
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Brake. See Air brake. Back pedaling brake. 
Bicycle brake. 
Brick kilu, W. N. Graves. 
Brick kiln, continuous, E. 
Buckle, J. C. Rosenkranz 
Burglar alarm, electrical, C. 
Burial casket, Semmens & Ev 
Burner. See Furmaldehyde BW 
Hydrocarbon burner. 
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ar dumping mec lism, D. Bennett. 
ar fender, P. Heesem bee%e . 616. 
ar step, extension, W. J. Griffiths, Jr 616.2 a 
ars, pre umatic motor for electric ap; liar 2e8 

for, A. Evans ae 616,501 
me... belt, L.: Sanders eee tiainemieeneese 616,561 
‘ase. See Printer’s case. 
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‘aster, furniture, Godden & Seeley... .. 5... 
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Chain and sproc ket whe el, H.W. 

Chair. See Folding chair. 

Chopper. See Cotton chopper. 
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‘hurn, J. A. Swearengen 


‘igar exhibiting and vending apparatus, coin 
controlled, W. L. Dunham. ‘ 441 
‘igar vending machine, G. Heidenreic h.... oo... 616.324 


automatic magnetic, C. M. Clark 616,405 
¥ clamp. 

ce clasp. 

‘leaner. See Fruit cleaner. 

‘lipper, hair, W. H. Underwood . 
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‘offee pot, . Kohimeyer.. 
olumn, F. Davis.... see 
eeeaes Gade 3, ship's, Ww. bs Sno wma. 
oncentrator and distributer, J. H. 
‘ondenser, A. P. Dodge ane 

‘ooker, steam, M. Foerg... 
‘orrugated can, vertically, J. 
Jd. Siege 









Cc. Milligan 
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‘otton chopper and cultivator, A. Abramson. 
| Cotton press, W. R. Mason . : 
| Coupling. See Bicycle coupling. “Car coupling. 
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Cover and cutting tool, M. Falk ..... . 616,504 
Cow a a anti, W. Vandorn. .......--0..eeeeees G1 3T4 
Cradle, W. inc cectcvvencessenees O16 S51 
Crank V.o4 P. Brennan S¢oecessece 16.073 
Crate, folding, Z TAylOP.........0esseevees 616,162 
Crate, shipping, pantie. pe be 'hente Ce ea) 
Cream saver, W. A. King...... eee cosces GEE 
Crusher. See Rock ¢ reshe r. 
Crushing mill stamp stem, C. Gra 616.311 
Cultivator and draft equalizer, W. a Natschke., 616345 
Curtain fixture. F. Succie,.............60eeees 616,274 
Cutter. See Bolt cutter. 
Cycle driving gear, V. Ww ismiewski. 616,386 
Dampers, ete. electrically operated reg ulator 

BAS, Gi. , MINNIE. 5 iniss-veccaccescvscecaesss 616,358 
Desk, drawing, F. Oswald 616 347 
Desk pada, ete., corner fastening for, J. W. ‘Win- 

wesgeannes 6,385 

Detecting, notifying, ‘or preventing theft, device 

for, H. Morris ‘ . 616,129 
Ke polishing mac hine, A. Wauters whee 616,377 
Die. See Tile die. 


Die press carrier, KE. Tyden.. 
Dish washer, H. H. Tuttle........ SEeuscoves 
Distilling apparatus, fluid, Todd & Smith.. 
Ditching machine, W. Wilgus.... osenees 
Diving apparaise, ‘44 —" = rawford. 
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Door securer, rrr ere 

Dough nut or fried c — ‘turner, J. Korbel: 616,420 

Drill. See Miner's drill. 

Drill, E. Kuhne... . 616,118 

Dropper. See Seed droppe 

Drum, heating, =a - ‘Harrington, asec 616,320 
| Egg carton, R. e 616,392 





Electric gene tA. oy c ycles, et i Moores s& Far- 
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Electric switch, W. J. Kelly. 616,110 
Electric trac’ molly ts stem, M. Cattori. 616.408 
Jievator. See Invalid elevator. 
Elev ator gearing, EK. M. Fraser......... 616,096 
| Elevators by three button push systerus, ‘clee- 
tric operation of, J. D. Uhider.. ‘ 616,190 


See Locomotive engine. 
mechanism, 


Engine. 
Engine steering 
Reber 
Evaporating apparatus, Hobson & Blair. 
Fabrics, machine for cutting ribbed, C. F. & H. 
F. Adams » 
Desinue rs, stud member for separable, . 
Adams.... ° 
1 water heating apparatus, | boiler, J. Thom. 
wire . Kilmer.. 


traction, A. H 
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Fence machine, 





Fence picket forming machine, wire, W. A. Kil 

mer 616.116 
Fender. See Car fender. 
Filter, J. KE. Cullison.. Ceeccee 616.2 
Filtering device, W. Shreeve.. 616m 


Fire alarm system, thermostatic auxiliary, A. H. 





616.082 
Fire alarm “telegraph | apparatus, auxiliary, B. 
Oehmen 616,16 
Fire, ym ay for protesting buildings from, 
H. . HINTS 
F semien. "automatic, Roth. 616.2 
Firearm cheek pad, T . Rowley Oe es | 


Firearm, recoil ~k dy G. Roth..... eves GMM 
Fire escape, O. K. Hanskey 616.518 
Fire extinguisher, KE. Schaefer O16 ee 






| Fire extinguishing compound, J. Stocker et al 61 
Floodgate, Db. McCafferty 616,248 
Folding and wrap ping machine, L. C. Crowell 616,083 


Folding chair. F. (eefe.. 

Folding machine, a Crowell... i 

Formaldehyde ak ‘and composition of matter 
for making same, A. Guasco.... ... 616 

Friction drum, J. 8. Mundy .. G 

Fruit cleaner, brusher, and washer, J. M. Baker 
etal : 61,24 

Furnace. See Boiler furnace 

Furnace accessory, bia . M. Hartman 

Furnace grate, J. Nei - 

Fuse for explosive projec tiles or shells, percus 





616.101 
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sion, F. Hale et al. 616,517 
Gage. See Horseshoer’s wage. Thimble gage. 
Game apparatus, E. Meyer -»» O24 
Gas, apparatus for produc ing acetylene, E. A. 
Morton- Brown 6 
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Gas burner and heate 
Gas burner, incandes« 
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Gas generator, a ylene . Lakina. 
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Gas generator, acetylene, F. H. Smith t 
Gas, process of and apparatus for ae 











ol, Henning 616,418 
Gate. See Flood gate. Head gate. 
Gate, J, Chaney . 6644 
Generator. See Electric generator. Gas genera 
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Glass working machmwery, T. RK. Michaels 
Glassware manufacturing machine, F. O'Neill 





Governor, W. E. Brown 
Grab or automatic hoisting bucket, J Campbell... 616.287 
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bined, H M. Lahann Ly UD 
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Hydrocarbon burner, E. ‘Ruppel bineows 

Incubator, C. L. Hill 

cndienter. See © ‘ompass indicator. 
cato 
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Book rest, C. K. Stewart... .............. - GAB ' ste See Oe , 
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m Engravings may bead adver- oading device, wagon, L. C. Wood 616,387 
matics; Chemistry; Mining; Architectural or Me- 


asting device, shoe, W. H. Crawford 616, 239 








te per agate lipe, by measure- 





I 
~ a > Sau Advertisements must be | Lock. See Permutation lock 
os Mabiiesliaesn M . Lock, A. Syverson 616,210 hanical Drawing; 8 P - 
‘ ubite on Office as e s Thurs ¢c bi] urveying; Plumbing; Arch 
a Pu ut Office a arly as Thursday Locomotive coaling device, W. M. Price = r~o4 That Was the experience of’ one | tecture; Metal Batcern Dreking: vlecoines 
; Book-keeping; Shorthand; English Branches 


ing to appear in the f. llowing week's issue. | Locomotive engine, A. P. Dodge as 
—— Loom shuttle, W. F. Draper ee 66. zr of the largest Steel Plants in TAUCHT BY MAIL $2 

voy ae .00 

‘a 


" § ¥ oo m a changing mechanism, E. Herzig ct free. 
ubrica Stark reular State subject you wish to study, 

or Lung tester, dummy, E. & U. 8. De Moulin Estab. 1891 45,000 students and graduates, 

‘ iy. Moulin Pennsylvania, the first time| 

without steam power Can save Magnetic switch, (. E. Scribner 616. 148 | ‘ 

time and money by using our Marker, disk, L.. Yielky 616,279 they tried 


Magnet for electric machines, field, The International Correspondence Schools, 
Match safe and cigar cutter, combined, D. ¢ 


Box %2, Scranton, Pa, 
Foot and Hand Power Machinery a uhinet i W Haddox . eas | sas Daniel’s Perfect ~ -- 

































SEND FOR CATALOGUES— Measuring wire and indicating its weight. ma 
A—Wood eens Machinery. : “a bine for , P ‘essen of al. . : 616,070 ‘ ‘ “es 
B—Lath« Mechanical movement, A. Howard 616,333 
Metal st I list ] i 
SENECA PALLS MFG. COMPARY. — i. — a P — polis NNR, « eaning anc 
easin ac 1es, polishing and feed rolls 
€96 Water St., Seneca Falls, WN. V. M fo . t ; J Demmler ranuls Pe arbon for r — (P. P. P. )| 
i phone containing gran ‘ 0 oO e 
1ing mate r0sitio » M. Ericsso 6, 5 
1 MERA FOOT | SMAreRs rc ANERs 8:5 Aaa mie Me Briesson.. 61618 "They tried two other leading| 
ATH sim AND bus tas A Millstone, T. L. & T. J. Sturtevant 613, 160 | 
TOMAR | Miner's drill, Strauser & Klinger si623/  tmakes—one lasted a month, | 
Molding press, KE. H. Callaway 616,401 ‘ “ 
Foot Power 22¢.TURRET LATHES, Plan- Mortar making machine, W. B. Upton...... 616,373 the other one six weeks. P., | 
iW} ARD I ‘THR ae npers, Pe Se frenee Motor See Water motor ” 
S PARD Ww St.. Cincinnati, O. | Motor. T. Douglass 516.090 ‘ ‘ 
es — | Mowing machine, ©. 6. Swain aes) P. P.” is a cushion—not a) 


Musical instruments, winding up and operating 


LEARN BY MAIL. mechanism for automatic playing devices for, 


M. Clark 


Newspaper holder, etc.. E. ¥. Horder 
Nozzle, rotary deluge, C. L. Newcomb. 
Nut lock, kK. Hines 


Nut locking device, A. Howard 


a 
| 

| power consuming wedge, and ~ 

‘| it’s just as good on cold water ® No. 

- | or steam. It’s the only scien- Re SO OTHER 








Flect., Mechan., Stationary, Marine, Locom., Civil. | Gil from seeds, extracting, A. Euston 0 
MecHANICAL DRAWING ano Macuine DesiGn | ()'#"" bellows, R. J. Bennett ate P 
ptuition Fee payable 2 per month. Text Books and Parrit mixer, J deters ov tifically constructed packing. REF ngttinG 
rawing lates Free rite for free S. A. Circular Palette. E. A. Bofinge \ HIN 
THE UNITED CORRESPONDE VCE SCHOOLS. Paper POs pan bine. adjustable form for, F.G QUAKER CITY RUBBER CO., | ‘UxuRions 
409 Market St., Philadelphia, Pa. | : 


F. W. Ewald, Gen. Mgr 166 Fifth Avenue, New York | paper making machine, P. Priem 
Pastry board, Stanley & Patterson 
Permutation lock for boxes, H. Hinterholzner 


a i Photographic tray, J. H. Smith 
Piano construction, securing apparatus for use 
in, 8S. N. Swan 
Picture hanger, A. Eblers . 


All about every known Tool, large — Pipe coupling, sealed, F. T. Moody . 
ms > small, and its uses, size, weight, and Pipe covering, hydrant, M. H. Mergenthaler 


(1f you will examine a sample of “ P. P. P.” SOLD EVERYWHERE.% 


and read a booklet— send in your name.) 27-16 Williams’ Shaving Stick, 25 cts. 
Genuine Yankee Shaving Soap, 10 cts. 
MIETZ & WEISS Luxury Shaving Tablet, 25 cts. 


Swiss Violet Shaving Cream, 50 cts. 


Jersey Cream (Teilet) Soap, 15 cts. 
Williams’ Shaving Soap ( Barbers’), 








“TOOL present market price Every ‘ool de- ion by wh ow iL . none : 
“I - scribed and illustrated by fine and ac- sis Mh Be OR Per Hopkins _ — . 
CAMOGE urare cuts Send at once for MONT* piaster board, M. G. # Buckley R ‘ 
GOMERY & CO.’S thoroughly up pjow. ditching, A. Esty 616, ry 6 Round Cakes, 1 1b.,40cts. Exquisite 
to date TOOL CATALOGUE tor pneumatic dispatch tube ‘systems, receiver ap | ENGINE. also for toilet. Trial cake for 2c. stamp. 
1898, 510 pages with index Pocket pliance for, C. F. P 0 ene 
The most economical power THE PS B WGI LLIA ava | <a Cc ‘or 


eine 64x44, rounded edges and stitched | pneumatic motor valve, "t W. Hedgeland.... 
covers. Every foreman of workshop | pop corn fritter machine, W. Z. Long 
or factory shoul thaveacopy. Mailed pottery moulding machine, F. H. & C. D. Weeks 6 


known. Absolutely safe and 
reliable. Runs with common 
kerosene. Perfect] auto- 


CLASTONBURY, CONN 


NDON,. 64 £ATR rw 

















for % cents b » » 
Power transmitting gear, convertible, J. L. Sim- 
“MONTGOMERY & CO. mons... roenbpepetoenear st matic. Patented 1997, U. 
105 Fulton Street, New York, | Press. See Cotton press. Moulding press. Veneer and European countries. 
press 128-132 Mott St., New York. imp eX ime ECON ler, 


Printer’s case, W. Haestrup aie as 616,231 


Py 4 — of Printing bulletins, posters, ete., machine for, “- HOISTING ENGINES | 
ool for Steam, Heath & Severy . 616,233 use :) - 
Gas, and Water Prospe sctine wheel, W. H. P. Jones «+. 616,335 So named beca it is simple in con 
Fitters. Every Puller. See Spike puller. eee —. BiSriiCA Feo kU ve | struction, simple in operation and simple 
Pump and water motor, combined rotary, : . Both Frictic pn and of record, Saves maximum of time with 





Teel has our Bovio o 
personal guar- p curb reservoir, C. A. B 7 ce Hoist, from 10 to 3 +s San 

antec. We have | ee ee ete oth & Thempen. Hi minimum of labor. Registers by the push 

been the Lead- Puzzle, L. Stanek of a button—nothing more. One hundred 

| men can register in one minute on one Re- 

corder. Adapted to large or small con- 





P., for Mines. Quar- 
ries, Docks. etc. Great 
Saving over steam, especially 
where wood, coal or water 
are scarce. Send for catalog. 


Racking beer, means for, E. Kerster 


i Teol Manufacturers for Fifty Years... 6 
—_ "7 Rag picking or shoddy machinery, O. E. Hoddick 6 
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WALWORTH MFC. co., Rail bond, W. KE. Harrington.. 32 Guaranteed fully. State 
‘ 8 316,440 | @ fl eet bs L 
20 Otiver STREET, BosTon, Mass. [tall joint a Sait fines | Wanted. Address Weber lcerns. No keys, checks, cards, tape or ink- 
7 Rail joint and device for preventing spreading of }Gas and Gasoline En ia ~ tl Rg . 
| gine Co., az SW. Goulevard Kansas City, Mo. |ribbon. For simplicity, compactness, dur- 


RADE weoe MACHINERY raiis, combined, H. M. Williams 616,171 | i 
HIGH G ORKING Ratlway tarmtable, Wk Cory. Ses This beats Wind, Steam. or Horse ability and quick registration absolutely 
Power. We oder the without rivals. 


Rake. See Hay rake. 













Single Machines or Com- Regulator. See Are light regulator. Tempera WEBSTER 2% actuai horse power ‘ ARS ii * 
plete Equipments for ture regulator I Full description for the asking. ASK NOW. 
Rock crusher, B. R. Seabrook GAS ENGINE 
Heywood Brothers & Wakefield Company, 


for $150, less 10: discount for cash. 

Built on interchangeable plan. uil 

of best material. Made in k lots of 100 195 CANAL STREET, NEW YORK. 

theretore we can make the price Box- ‘4 —_Iieer 0 , . 

ed for shipment, weight 80 pounds. N. B.—For prices, state number of your employes. 

Made for Gas or Gasoline. Also Hori- — 

= wntal Engines, 4 to 30 borse power. 
&B™ Write for Special Catalogue. 


WEBSTER MFG. CO., 1074 West 15th St., CHICAGO 
Eastern Branch, 36-D Dey Street, New York w York City. — 


- , 

Any Class of Work. Rock crusher, portably mounted, E. 8. Philips 

Rolling mill, continuous, W. D. & J. R. Eynon.. 

- . . ahaa Roof, C. Binder 

t?” Iilustrated Matter and Priceson Rubber. calender for running out sheet india, 
application Ww 


J. A. FAY & CO. 


10-30 John St., CINCINNATI, OHIO | Salt cellar, J. F. Rose 


Sash, window, 5 Anthony 
Saw clanip, G Fernside 


4’ TR) M G R I [PP Sawmill, band W M. Wilkin 
ai x Sawmill, portable, F. Thompson B16, 
s se F “ll i 8 
e is a small, handy little tool of great strength, “#W Set. ©, Brande! = Ss 
warranted to get a firm grip on, and move any tool that aw re a Tistioy. ‘ cl. -— | ES C 8) Pp E 


can be put into it—elther round, square, or oval. We Saws, mechanism for oscillating gang, W. M 

Wilkin 616.220 x D. MOGEY 
Seale, computing, T. J. Dunitea leg BAYONNE 
8. 


le, price and weighing, O. O. Ozias.. 
Scales, printing register for weighing, Fairbanks 
t 


Your Correspondence is Solicited 


, lasting apparatus for, J. E. 








n EASY ant SAFE 
OPERATION 





lla ATA 


TRUSCOTT BOAT MFG(O 
ST. JOSEPH, MICH.U.S.A 


TYPEWRITERS 
HALF PRICE 


We will sell you any typewriter 
made for one half regular price, 
many forone quarter. Every ma 
chine guaranteed in perfect order. 
TYPEWRITERS SOLD, RENTED, EX- 

a CHANGED. Sent anywhere with priv- 
< ee London. Vienna, ilege of examination. Send for I1l- 
Paris and Moscow. eetnated Gutnlenn 


Ber 
83 Highes tl Inter ational Awards . 7 
st international 4%! Wational Typewriter Exchange, 23,3 Ses. 






















Kneading and Mixing Machines 
Over 6200 in use. Over 300 varieties 
in 155 different industries. 
Patented in all countries. 
WERNER & 
PFLEIDERER | 
/Saginaw, Mich, Build-| 
ers of all kinds of Chemi- 
cal Machinery. also at 


call tt the SUR E-GQRIP WRENCH. It is made of & Taylor 

and % give s satisfaction whe rever Screen. See Coal screen 

used é.. , Brice J. STEVENS ARMS Seed dropper, G. R. Dykes 

& ‘Tool, « O., P. ‘0. Box 16, Chicopee Falls, Separating machine, W. W. Huntley 
) tog ~ 


r Ulua. cate 


nicely Tor hed i" 


Mass., U.S. A. Sewer trap, H. Pennie 
Sewing and seam finishing machine, shoe, J. B. 


Hiadaway . 
a er mery Sewing machine, button, F. A. Wing é 
ac *» seam trimming mechanism, 
61 









Sewing machine 


Tool Grinder ...\..cicn: 
Sewing machine, shoe, J. B. Hadaway 
Has no pumps, no valves No Shearing implement, A. Howard.. 
piping required to supply it with ‘Sled propeller, F. Berger 































































water. Always ready for use. Sim- Sleigh runner, C. H. Van Wagoner 
plest in construction, » ost efficient Sluice box and bridge Hi. Hickmott.. 
in operation Snap hook, harness - Pore : ANYONE INTERESTED 
EB Send for catalogue and prices, Spenking tube switch. FW. Wood in Agricultural Pursults can’t 
w. F. & JNO. BARNES CO Spoke socket, A. Weilheimer... afford to be without the | 
1999 Ruby St., Rockford, Ill. sprinkling vehicle, A. H. Howland AGRICULTURAL EPITOMIST. | 
a Stalk chopper, A. L. Fairey 
9 Station indicator, J. D. Barry Sample copy Free te any address | 
DORMA N Ss Steam boiler, A. P. Dodge apes receipt of name and address | Fé 
Steam boiler, J. Johnson - ainly written on postal card nam- T 
Steam boiler J A, Shovens 616,156 ng paper in which you sawthis ad ! GRAND RAPIDS (“cH : 
Stee Ay oe ar ee aylor Address AGRICULTU RAL ee Indianapolis, Ind. | GAS- EN G I N E & 4 
Stove doo 4 o ; a _ —_ TO 
are used all over the world Stove, oil, W. HM. Wilder... 6s ik. Pegi *WOLVERINE”’ YACHT oe ieee 
t sama M ‘ t ers t St m Ma Straw. etc electroiyticaily reating ’ om | 
ym ~~ Testnes Sta te . We es a Selgber om sulphates, obtaining, De Baranoff GAS a GASOLINE ENGINES | NEW ORLEANS, LA. of) 1-2-3- CYLINDER 
Dry Heat Vuleanizers. Complete outfits ‘ . - : 
from $10 to $1,000, All Stamp and Stencil Surgical instrument, L.. H. Rogers. STATIONARY AND MARINE. 
44+ ' on eaan d Steel Dies Switch. See Electric switch. Magnetic switch. 
: ra : A. — Sen ; sesneune and Railway switch. Speaking tube switch The “ Wolverine ” is the only te ‘Oster | Pat. Pat. Adjustable Stocks & Dies 
Die Sinking of all kind Established 1840, Sword, pistol, B. Reyes 616 6 ible marine gas engine on the marke They are licht in weight, dies 
Printin > mplete outfits, rable, C. B. & L. B. Dennis 616,296 It isthe lightest engine Joplin power. made of the best tool steel, 
from $1 rank heater, A. Duis : 616,185 Requires no licensed engineer. Ab- guaranteed just as strong 
THE 4 F. DOR v A NCO. re legraph Fepe mor E bt socceapens see om 4 solutely safe. Manufactured by and reliable as solid dies, cut 
é ; ene =, em perature reg y apparatus, oesch 616,142 > - “ - 
121 KE. Fayette =. “Aallbasere » Md. U. A. Fomperature regulator. automatic. A. Roesch... 616141 ; WOLVERINE MOTOR WORKS. ~~} —f, ae 5 
Yentering machine cloth carrier chain, A.W.C. : 12 Huron St., Grand Rapids, Mich. hout running back over 
AUTOMATIC WEIGHING MACHINES Yr oe ~ ). F. Simons pe finished threads. Kach set of 
limbie gage . 10n Mobo 1 a ™ at y lis i v1 izes. 
cc. of twy to two thousand pounds Threads or yarns of silk, etc., apparatus for lear: The ( Queen Acme No. 5 Microscope THE OSTER MFG. CO 









SS ospect Ave. 
Cc levelana, Ohio, U.S.A. 


E. A. BURGESS CO., 67 Court St., New Haven, 
Conn., U.S. A. Box Nailing and Trimming 


« apacity ; interlocking in princi- ing. P. Perret > ® Biines 6in272 | NEW MODEL AS PER CUT. 


ple " witive action, accurate Threshing machine implement, 

weight, reliable registration for Tile die. H. A. Wheeler . 616,170 | 

weighing coal to boilers, grain to Tin oxid or dros# to pure metallic tin, reducing, The Ideal Microscope for Amateur 

elevators and crushing rolls 1. (. Taliaferro [16,16] | Research. Stands unequaled for precise 
and accurate adjustments and optical 








malt to kettles, coffee, tea, su- Tire for bicycles, armored pneumatic, P. Leni- , 
gar, cotton seed, cement, fer- han 616.121 ; @xcelience. With objectives giving from Machines, Cash and Bundle ( ‘arriers, Display 
tiligers, ete., to bags Tire, non-slipping pneumatic, H. E. Walter 616,168 | 8 to 500 diameters, in case, $ 35.00. Fixtures. Inventions Perfected, Manufactured 
Reliable Counting Registers, Tire. pneumatic or other elastic, L. W. Cock- | Send for new Microscope Catalogue B. M. and Placed on the Market. Portable Extension 
Standard Measuring Machines bur 616,182 Junket” Booths and Cabinets 

QUEEN & CO., Inc. L. A. HOLMES, Mgr. Send for Mus. Catalogue. 








The Prau & W Bicnez Ce. o. Tires hand pump for inflating bicycle, Louden 
Hartford, Conn., te 


he 616.1% | 1011 Chestnut St., Philadelphia, Pa. 
Tobacco, ete., apparatus for drying, 8. C. David- 
sez") Skinner Combination Lathe Chuck 


Strong and true. Best reversible 
jaws easily reversed. Made of | 
steel, case hardened. No strain | 
on the screws. Upper section of | 
jaw may be left Oe and chuck | 
used for cutting stoc 
Greater capacity tran any other 


‘DON’T LOSE THE POINT 


of your pencil. © th - in 
the Improved 
urne Patent Pencil 
folder. Fastens to pock- 
et or lapel of vest. Grips 
firmly but don’t tear the 
fabric. Eyeglass Holder. 
with swivel hook, equally 
handy By mail, lc. each 























Tobaceo, ete.. drier for, 8. C. Davidson 6 
Tobacco moistening apparatus, leaf, 8. C. David- | 
son 616.292 
Tool, combination, Bealer & Schelden 616,179 
Tooth crowns, post and disk attachment for arti- ' 
ficial. G. Evans 616.02 
Toy. G. H. King 616,239 


Toy boat, J. T. Crawley 616.410 

Toy. combination, G. H. King 616,240 ebuck. Can be fitted with inter- Cata- 

Trap. See Animaltrap. Animal jaw trap. Hog changeable jaws. logue of these and other novelties 
made with the Washburne Fast- 


SKINNER CHUCK CO. eners free for the asking. 
Church St., New Britain, Conn. | AMERICAN RING CO., Box P, 


trap. Sewer trap. | 


| (Continued on page 431) Waterbury, Conn. 
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Battleships ........ 6: 376, 377 GUN. Driggs-Seabury..... Abydos, discoveries at....... -.. 1&4 | Bombay University........ 4 Cromer, landsiip at ......... 139 
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Bed, extension, new. "* 94, Guns * Santiago .......... R Acanthus column, Delphi .. . 490 | Bottle closure. new. Cruiser Brooklyn.. ........ “40 
feetles, strong....... 3 ae Guns, Vickers-Maxim........... a Acetylene and chlorine, mixed.. 71 | Bottles, to clean....... Cruiser Newark iaideiwoiiat ‘4 
Bench, florist’s ocala Raft, great, on Pacific... ........ 189 | Acetylene experiments....... .. 394 | Bourgogne, loss of the.. --. 34 Crulser Philadel phia.. ° oascess. ee 
Bicycle for railroads ........... Railroad, trans-Siberian. .. .. 193 | Acetylene gas at Kd bastion. 359 | Box, oil retaining.. . 69' Cuba, bow fortified................ "Hl 
Bicycle lamp, electric..... H Railway cut amid Urals . 201 | Acetylene gas exhibition ..... j Bradley Polytechnic ‘Institute. :*101 | Cuba, invasion of....... evece *8 
Bicycle lock, Sentinel Railway, Mount Lowe ....... ... 274| Acetylene gas hazard .. Brandy, Dantzic 5 Cuba, resources of : 163 
Bicycle steering head. Hall, Prof. James ........ -ss.e. 154) Railway, Mount Tamalpais. ... 33) Acetylene gas. properties .. Bread baking, primitive.......... Cupid lighter than butterfly... ..*139 
Bicycle tires, leakage. Harvestiug machinery 35 | Railway, street, power station... 308 | Acetylene generator, new . Brick monuments.......... .. 8 Cycles for farmers... ..... . 172 
SE MIE occu cs sco cescocons 37 Hichborn. Philip : Ramps. freight. traveling... .... -. 100 | Acetylene in street lighting....’. 289 | Bricks, slag, in German Cycling, speed in 5 151 
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Boiler and furnace... Hospital cot, naval Ripper, seam coos 132 | Aerial navigation... ae ridge, prvekive, trusses... 
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Hoda Suggestions 
A DINDLITSSLOSTRIAL LIBRA 


By Pror. T O'CONOR SLOANE. 
AN INEXPENSIVE LIBRARY OF THE BEST BOOKS 
ON ELECTRICITY. 

For the Student, the Amateur, the Wi prion, the Electri- 
cal Engineer, Schools and Colleges. 
Comprising five books, as follows: 

Arithmetic of Electricity, 138 pages, - - 

Electric Toy Making, 140 pages, 


$1.00 
1.00 


How to Become a Successful! Electrician,189 pp. 1.00 
Standard Electrical Dictionary. 682 pages. - 3.00 
Electricity Simplified, 158 pages, - 1.00 


t#” The above five books may be purchased singly | 
at the published prices. or the set complete, put up ina 
neat folding box, will be furnished to readers of THE 
SCIENTIFIC AMERICAN at the special reduced price of 
Five Dollars. You save #2 by ordering the com- 
plete set. Five volumes, 1,300 pages, and over 
450 illustrations. {2° send for full table of con- 
tents of each of the above books. 


ese236@ 


MAGIC 


Stage Illusions and Scientific Diversions, 
including Trick Photography. 

A. HOPKINS. 

420 illustrations. Price, $2.50. 


This work appeals to 
old and young alike. and 
it is one of the most at- 
tractive holiday books of 
the year. The illusions 
are illustrated by the 
highest class of engrav- 
ings, and the exposes of | 
the ‘tricks are, in many 
cases, furnished by the 
prestidigitateurs them- 
selves. Conjuring, 
stage illusions, fire-ca 
ing, s wor d-sv Bw ag 
ventriloquism, mental 
magic, ancient magic, 
automata, curious tcys, 
Stage effects, photograph- 
ie tricks, and the projec- 
tion of moving photo- 
graphs are all well de- 
scribed and illustrated. 
making a handsome voi- 
ume. It is tastefully 
printed and bound. 

Acknowledged by 
profession to be the 


By A. 
568 pages. 





the 





&@ Circular of ( ontent= and sample 
illustrations free upon request. 


=e2e0 
1898 EDITION. 


EXPERIMENTAL SCIENCE =: 


By GEO. M. HOPKINS. 


20th Edition Revised and Enlarged. 
914 Pages, 820 Illustrations. 


Price $4.00 in cloth: $5.00 in half morocco. postpaid 


Tarts is a book full 
of interest and value 
for Teachers, Stu- 
dents, and others 
who desire to impart 
or obtain a practical 
knowledge of Phys- 
ics. This splendid 
work gives young 
amd old something 
worthy of thought 
It has influenced 
thousands of men in 
the choice of a career. 
It will give anyone, 
young or old, infor- 
mation that will en- 
able him to compre 
hend the great 
provements of 
day. It furnishes 
suggestions for hours of instructive recreation 


Send for large Mlustrated Circular 
and complete Table of Contents. 


=e20s2 
THE SCIENTIFIC AMERICAN 


Grrlonedis of Receiats, Motes & Queries 


12,500 RECEIPTS. 708 PAGES. 
$5.00 in Cloth; $6.00 in Sheep; $6.50 in 
Half Morocco, —— 

HIS great 

work has now 
been on the mar- 
ket for nearly 
six years, and 
the demand forit 
bas been so great 
that twelve edi- 
tions have been 
called for, 

The work may 
be regarded as 
the product of 
the studies and 
Practical ex- 
perience of the 
ablest chemists 
and workers in 
all parta of the 
world; the infor- 
mation given be- 
ing of the high- 
est value.arrang- 
ed and condensed 





Price, 
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J 
in concise form, 
convenient for ready use. Almostevery inquiry 
that can be thought of, relating to formule used 
in the various manufacturing industries, will here 
be found answered. 

Those who are engaged in almost any branc ch | 
of industry will find in this book much that | 
is of practical value in their respective callings. 
Those who are in search of independent business 
or employment, relating to the home manufacture 
of salable articles, will find in it hundreds of most 
excellent suggestions. 


&2@ Send for deacriptire circular. 
MUNN & Co., PustisHers, 
Office of the SCIENTIFIC AMERICAN. 
361 BROADWAY, NEW YORK. 


Trap, L. ae. 
Truck equipm 

Trunk, G. H. Schoenleber 
‘Truss, 8. A. D. Hardy.. 
Truss, C. B. Medteey 
Tubes, manufacture of, R 










ynolds & Hewitt : 616,357 





Tubing, tool tor repairing elastic, setae & Ha 

Gs 0 cccncenansvcesescesss «esses 616,109 
——- machine type cleaner, ‘s. Oppen- 

| MEPPTTTTITITITITITITIT ETL ¢ 


Umbrella, J. H. Fleisch 
Upholstery, apparatus ‘foe making, A. Fresebi.. 
Valve, back pressure, W Harrison... 

piston, W. F. Niebling. osees 
Falve. reciprocating, L. Swenson.. 

Valve, trough, C. EK. Tomlinson......... 
Vehicle driving gear, J. 5. Lester. 

Vehicle, motor, H. Smith 
Vehicle, motor, K. A. Sperr 
Vehicle spring gear, J. M. Hs Brien.. 
Vehicle wheel, Watson.. 
Velocipede, W. De Morgan... 
Velocipede, N. F. Willatt 
Velocipede, ice, H. Grimshaw 

Vending device, coin controlled, 8. Green. 


Valv 





i, 388 
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Veneer press, A. K. Hatteberg.. m2 
Vest and bosom, Combination, Rubin & Simon oT) 
Vise, A. Lloward . ; 1 
Vv cong machine, electric, F. 8. Wood : 4 
Wagon, H. Peters we ee 2x5 
w ~ wt body, J. E. De Lamar.. es 220 
w alls, sartitions, ceilings, etc., construction of, 
otnen eon es 616,329 
Washer. See Dish washer. 
Washing machine, J. Bany none sses 616,068 
Washing machine. Kiefer & Evert............... 616 


Water motor, B. Pickering 
Water motor, J. A alke 









Water purifying apparatu R. S. May once e 
| Welded joint, electrically, _E yre & Dishong 61 
Welding carbon, electric, G. W. De Tunzelmann 616.1 


Welding, electric. H. F. A. Kleinschmidt. .616,456, 616, 





Wheel. See Prospecting wheel. icle wheel. 
Wheel assembling macnine, bicycle, Craig & 
Austen oe 


Whiftietree, W. Krag... 


W hiffletree attachment, T. qreats ° 


W bist apparatus, duplicate, G. > Bisler 
W hi&tle valve, steam. W. Moller................... 
Windmill driving mechanism, L. W. Noyes 


Window, 8 . Crane 
Window stile poe kets. machine for ene i. We 
616.352 


Phillips 
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Wire stretcher, H. a 61 
Wrapping mac os owell.... i 2» 
Wrench, M. C. 616414 
X-rays, coin tread ‘apparatus ‘for gene erating, M. 
| Vidal 616,375 
| -OTG 
DESIGNS. 
Badge. 1. Bedichimer.......... 


Bag tie, W. M. Clark 

Balance staff, D. H. Church 
Bed bottom sup porting frame, 
Bicycle pedal. C. Glover 
Bicycle pedal ot. r. C. Glover.... 
Binding, skirt, C. L. Sulzberger m 
Box. paper, K. P. Brown.. 
Brick. fre, H. 5S. Vrooman 
Card receiver. M. B. Groce 
Chair. A. D. Croe a 
Chair. barber's. J. Rotlert. 
Chimney, A. Ho v ard... 
Chimoaey. E. Ka 

Cup, H.M Williams 


J. H. Dyett.. =| 


Die. incising, F. WER as ccccccocccce 
Ine plate, B. B. Hii 
= ish. covered, A. Paroutaud. 





burner, E. J. Daschbach 
oping. 5. B. Rickords. 
2. D. Flint 

. G. Van Auken 





instrumer ’. J. Rees 
or fastener bar. L ¥. Barner 
PERDE, Tee Peiwesecenccecccceses 
—— game board. G. ~ Wilson.... 
Iway rail. G. J.C 


apewell 
inbber sole. F.W. Whiteher 
=n. - advertising. A. & M. Gerstend: meen 
ody x v —y A. H. Wolff 


» F 
Min hiser. 





4 “ 

Tumbler. W. Buttler - 

fwine cutter. J. Joffriaud 

Umbrella band clasp fastener, J. Rose. 
Water closet tank. D. Db. Buick 
Weeder. lawn, W. K. Long..... 
Wheel, D. B. Lee 
W heel, sprocket, 
oven fabric, ¢ 


W. H. Fauber...- 
Franz 


TRADE MARKS. 


Baking powder and bicarbonate ae soda, More- 
house Manufacturing Compan 

Beer. lager, Bartholomae & Roesing suouang and 
Malting Company ‘ 


Boots and shoes. Brennan & White. 


Boots and shoes, Kellam. Tilton & ¢ “ompany : 
Boots and shoes. elastic goring for congress, E. & 
A. H. Batcheller Company ° RU 
Cigars, M. Marsh & Son Rs 
offee. green. Kunbardt & Company RR. 232 
Offee. roasted or prepared, Wolfe. MeMillan & 
Company.. MD 
Ethereal preparations for produc ing local anes- 
thesia. McKesson & Kobbins.. .. 32.275 
Glass and metal polishes. United States C hemical 
Manufac turing Company. of New 22. 
Gloves, men’s and —— 8. F. 32. 


Headache cure or reme H. Bur 
Heel ball, black ball, ar polishing wan, P. Oster- 


mayer. <) 
Licorice, manufactured, Melior & Rittenhouse 

COMED << cccccccccccccccevccccecccccccceseecee 255 
Medicated sirup for diseases of the lungs and 

CE, Bi, GH s cnc cccccccvcgecccensonpnangnens ate 


Medicinal powder for the cure of headac me. paar 
Limited.. 32.29 to 

Medicine for certain named diseases, E. Allen 

Milk, condensed. New York Condensed Milk Com- 
pany 

Needles, London Needle Company 

Peanut butter. Atlantic P — Refinery .. 

Potato products, J. G. Neu ° 

Salt of lithia. laxative, V —T, pansies al Company 








CAN | BECOME AN ELECTRICAL ENGINEER? 


For our Free, handsomely illustrated book entitled ** Can I Become an Electrical Engineer??? 


Address THE ELECTRICAL ENGINEER INSTITUTE OF CORRESPONDENCE INSTRUCTION, Dept. &. 


(Conducted under the auspices of * THE ELECTRICAL ENGINEER”), 


Endorsed by Every Prominent Electrical Engineer. 




















Sewing machines. stands. and attachments there- 
for. National Sewing Machine Company. 
Stove polish. J. B. ae ° 
Stoves and heaters, gas, i i, > A acene 
Surgical and medical app Ad certain named, 
J.C. Schnoter Company. 
Tea, Arbuckie Brothers ®. 
Tires and fastening devices therefor, pneumatic. 
Dunlop Pneumatic Tyre Company 1. : 
Waists. gowns. and wrappers, ladies’. 
Marufacturing Company 
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LABELS. 
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THE CARNEGIE STEEL COMPANY, LIMITED, 


Has furnished 


ARMOR 


For the following named vessels of the United States Navy: 


FIRST-CLASS BATTLESHIPS. 
Oregon, 
Massachusetts, 
Indiana, 


| OWa, 
Kearsarge, 
Kentucky, 
Illinois, 
Alabama, 
Wisconsin. 


DOU BLE-TURRET MONITORS. 
Puritan, 
Monterey, 
Amphitrite, 
Monadnock, 


Terror. 





ARMORED AND PROTECTED CRUISERS 
Brooklyn, 
New York, 
Olympia, 
Cincinnati, 
Raleigh, 
Columbia, 
Minneapolis, 
Detroit, 


Montgomery, 
Marblehead. 


GUN BOATS. 
Machias. 


HARBOR DEFENSE RAM. 
Katahdin. 


Castine, 





This Company has also furnished for nearly, if not quite all, of the vessels of 


the United States Navy, 


STEEL, 


such as Boiler Plate, Hull Plate, Angles, Rounds, Flats, Squares, Ovals, Channels, 


Bulb Angles, Deck Beams, Tees, Zees, etc. 





ANNUAL CAPACITY, 2,000,000 GROSS TONS OF STEEL. 





WORKS. 
Edgar Thomson Furnaces, 
yu ie Furnaces 
La Furnas 
Lu 
Edgar | on Steel Works 
| m 1 Foundry 
) ~ Work 
fom id S W ork 
Bridge Works 
' t ym Mill 
Lower Union Mills. 


OFFICES. 
GENERAL OFFICES: 
Pittsburg: Carnegie Building. 
SALES OFFICES: 


Atlanta: Equitable Building. 

Boston: Telephone Building. 

Buffalo: German Insurance Building. 
Chicago: Marquette Building. 
Cincinnati: Neave Building. 
Cleveland: Perry-Payne Building. 
Denver : People’s Bank Building. 
Detroit: Hammond Building. 

London, Eng.: 47 Victoria Street. 
Minneapolis: Guaranty Loan Building. 
Montreal: Bell Telephone Building. 
New York: Empire Building. 
Philadelphia: Harrison Building. 

St. Louis: Chemical Building. 

San Francisco: 258 Market Street. 
Washington: National Safe Deposit Building. 
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INTRODUCTORY -THE TRUE LIMITS OF COAST 
DEFENCE. 
THE term coast defence is one of the most elastic in 
It is broad or re- | 





the naval and military vocabulary. 


stricted in its meaning, according to the policy adopted | 
by the particular country that may be under con- | 





sideration, and a wide diversity of opinion exists 
as to the exact extent of the field which it 


its narrowest sense it refers to the 


should cover. In 
system of signal stations, fortifications and submarine 





wines which guards the entrance to a country’s ports 
and harbors and protects the seacoast cities against 
bombardment. In this is placed en- 
tirely upon fixed defences to resist the entrance of an 


ease reliance 


enemy's fleet, and a standing army, assisted 


by asystem of coastwise railways, to repel by quick 
troops. Such 


upon 
coneentration the landing of hostile 
ascheme of coast defence abandons the sea entirely 
to the enemy; and by voluntarily giving up all the 
advantages to be obtained by the command of the 





sea it renders a country’s borders conterminous with 
those of any foreign power that may possess a navy, 
however small. Indeed, a maritime nation, or a nation | 
with a maritime frontier, if it fails to construct a navy, 


not only throws away the natural strength of its| 
position, but leaves itself more open to attack than | 
if it were entirely bounded by rival states. In the | 


case of a people whose coast defence is literally con- 


fined to fortifications along its own coastline, the sea 
becomes a It enables the 
enemy to attack, but effectually prevents any counter 


constant source of peril. 





wove against the invader in his own territory. 





Although for the reason given it is not expedient to 
depend on shore defences alone, it would, of course, be 





possible to organize a powerful and even an impregna- | 
bie system of coast defence that would depend entirely 
upon land fortifications, wines and a standing army ;| 
but to defend a long coastline so that every harbor | 
should be impregnable against the strongest of fleets and 
every strategic point capable of a quick concentration 
of troops in numbers greater than could possibly be 
landed by an enemy, would be an enormously costly 
undertaking. There is no nation to-day that attempts 


all systems of fortification include or act in 


and 
conjunction with floating defences of wore or less im- 
The simplest form of these is the floating 
armored battery, which, when it is provided with 
motive power and is capable of independent maneuver- 


if, 


portance 


ing, is known as the harbor-defence monitor—a type 
that originated in this country and has always been 
The 
The quaili- 
ties of speed, seaworthiness and coal endurance which 
distinguish the seagoing battleship are sacrificed in 
favor of heavy arwor and powerful guns. The draught 
is light, the deck is only a foot or so above the water, 
and the engine power is merely sufficient to enable the 
the of the 
monitors constitute an invalu- 


extremely popular with the American people. 
monitor is strictly a harbor defence vessel 





| 
to maneuver readily 
A few 


able addition to the barbor fortifications. 


craft in presence 
enemy's ships 
They give a 
it to be 
strengthened at any particular part of thesystem which 


certain mobility to the defence and enable 
may be the object of a concentrated attack by the 
enemy's ships. Of equalor possibly greater importance 
than the monitor in co-operating with fixed defenses 
is the torpedo boat ; for, while it is true that the rapid. 





. ; 
fire gun has largely neutralized the offensive powers of 


these little eraft, there is not the slightest question 
that the moral effect of the existence of a fleet of torpedo | 
boats assembled for defence of a harbor will prove to 
be The proper sphere of the 
and torpedo boat lies within harbors, road- 
steads and more or less sheltered waters, and a small 
fleet of these vessels co-operating with a powerful Sys- 
forts 


of inealeulable value. 


mchnitor 


, 
of mines should render a 


harbor so impregnable that no hostile fleet, however 


tein and submarine 
numerous or powertul. would attempt its reduction. 

It is certain, however, that the possession of a fleet of 
monitors and torpedo boats distributed among the vari- 


ous harbors would not enable a nation to do more than 
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be entirely dependent upon its own resources, for as 
long as a whole coastline was threatened by a hostile 
seagoing squadron, it would be necessary to keep the 
monitors and the torpedo boats on their allotted 
stations. The defence would be put to great disad- 
vantage as compared with the attack, the enemy's 
force being concentrated in two or more divisions 
capable of uniting for a combined attack on any 
one position, whereas the defence would be divided be- 
tween a number of widely separated points, any oue of 
which would have to be equal to resisting the whole 
strength of the enemy. 

Evidently the wore economical method of defence is 
to supplement the land fortifications and the monitors 
and torpedo flotillas with a fleet of battleships cap- 
able of concentrating at any threatened point on the 
long line of coast defences. It was for this express 
| purpose that our three powerful ships, the “ Indiana,” 
** Massachusetts” and “Oregon,” were designed, and 
their special sphere of action is indicated by the 
nawe which they bear, or did formerly bear, in the 
naval register—** coast-defence battleships.” As these 
vessels were not intended primarily to operate at 
any considerable distance from home coaling stations, 
they a limited coal capacity and a 
moderate speed. The weight that was saved in coal 
and engines was put into guns and armor, with the re- 
sult that these ships carry heavier steel armor and more 
armor-piercing guns than the larger seagoing battle- 
ships which exist in foreign navies. The possession of 
a fleet of such ships enables the general scheme of 
coast defence to be carried out at far less cost than it 
could be if the fleet did not exist. The advantage of 








were given 


| mobility is no longer altogether on the side of the in- 


vader. Not only can the defence be strengthened at 
any threatened point, but the moral effec’ of the mere 
existence of such a fleet in modifying the plans of the 
enemy and acting as a diversion is of incalculable ad- 
vantage. 

The next and perhaps the most important line of 
coast defence is a fleet of seagoing battleships, cap- 
able of going anywhere in any weather and carrying 
and even confining the conflict, if so desired, to the 
enemy’s seaboard. The United States already possess 
one fine ship of this elass, the ‘“‘Iowa”™; two others, 
the *‘ Kentucky” and ‘‘Kearsarge,” have been launched 
and are nearing completion ; three others, the * Ala- 
** Wisconsin” and “Illinois,” are about half 


” 


baa,” 


completed, the first named of the three being already 
afloat, while three others, not yet named, have recently 


been authorized. 

From what has been said, it will be seen that the ex- 
act scope of.the term coast defence will be determine! 
by the policy adopted by any particular country. The 
first line of a country’s defences may lie at its own im- 
mediate threshold or at that of the country with which 
it may be at war. Great Britain holds that the most 
effective way to defend its own coastline is to blockade 
that of the enemy. This policy she would be in a posi- 
tion to carry out because of the enormous fleet which 
she has built for the protection of her maritime trade. 

The opposite extreme would be to act entirely with- 
in one’s own seaboard and rely altogether upon coast 
fortifications for carrying on a defensive war. 

It is questionable, however, whether, under modern 
conditions of warfare, it is possible for a nation to main- 
tain swecessfully a purely defensive conflict ; and while 
there may be something agreeable to the traditions of 
this country in such a policy, the events of the present 
war with Spain, as shown at Manila and elsewhere, 
have proved that an offensive defence is far more 
effective and in keeping with the temper and genius of 
the American people. Ever since the question of 
national defence was taken up there has been more or 
less division of opinion as to whetber the protection of 
our coastline should be carried out upon the land or 
upon the sea, or upon both. Some have contended 
that a powerful navy, capable of meeting the enemy 
upon the high seas, was a sufficient protection ; others 
have urged that a ship is costly and vulnerable, liable. 
indeed, by its complete destruction, to become a dead 
loss to the country. It is urged, on the other hand, 
that fortifications are wore cheaply and quickly con- 
structed than battleships and that if they are damaged 
they can be repaired at comparatively little cost. 

The most effective system for this country is that 
which presents a threefold line of defence. First we 
need a fleet of battleships capable of keeping the sea 
in all weathers and provided with a large enough coal 
supply to enable them to operate, if oceasion should 
call for it, at a great distance from the home coaling 
stations. The ships should have the same speed, and 
this should be at least equal to that which obtains in 
foreign navies. We have seen it recently stated by 
one of our leading warship builders that 15 or 16 
knots is sufficient speed for any battleship, because 
no naval battle will be fought out with the ships mov- 
ing at much over 12 knots. This may be true as re- 
gards the line of battle ; but actual fighting is only one 
of the many duties of a fleet. 

It is often as important to move quickly from point 
to point as itis to cast loose the guns and pour shell 





act purely on the defensive. Each seacoast city would 





into the enemy. Sustained higk speed for long dis- 
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tances is often demanded for strategetical reasons and 
will ever prove to be of incaleulable value in the 
movements of a naval campaign, whether it be to make 
a dash upon a weak point in the enemy's defence, or to 
intereept or overtake his fleets, or to aiford quick re- 
lief and protection at some unguarded point of attack 
on one’s own coastline. In view of the fact that 18 and 
18°75 knots is the contract speed called for or already 
achieved in many of the latest battleships of foreign 
navies, it is a question whether the contract speed of 
our future battleships should not be placed at a higher 
mark than 16 knots an hour. It is true that in actual 
service none of these foreign ships would reach or at- 
tempt to reach 18 or 18°75 knots, but it must also be re- 
membered that a pro rata reduction must be expected 
and does actually occur in the case of our 16-knot 
battleships. If then the defence of our own coasts 
contemplates, as it undoubtedly should do, a certain 
amount of active operation off the coasts of the enemy, 
our seagoing fleet should possess a combined speed 
at least equal to that of any fleet that it may wish to 
bring to battle. 

Undoubtedly the most effective system of defence 
for a powerful country such as ours is that which 
commences in the enemy's home waters. A fleet of 
half a dozen ships menacing his coastline will cause 
him to retain wore than twice that number at home 
for the purposes of defence, and if the fleet happens 
to combine high speed and great coal endurance, 
the strength of the defending fleet must be propor- 
tionately increased. If we were at war with a first-class 
European power, half a dozen enlarged * Iowas” of 18 
knots speed and great radius of action, threatening the 
enemy’s seaboard, would effect more in diverting the 
enemy from our own coasts than twice that number 
of ‘ Indianas ” cruising off our home ports. 

The second line of coast defence should lie within 
our own waters, and for this purpose ships of the 
“Indiana” class are the ideal fighting machines. Sta- 
tioned at strategic points along the seaboard, a few 
sinall squadrons of such vessels, say two on the Atlan- 
tic, one in the Gulf and one on the Pacific, would be 
amply sufficient to cope with such battleships as a 
foreign power could spare from the defense of its own 
seaboard against our “flying squadron” of improved 
18-knot ** lowas.” Each coast defence squadron would 
have its swift cruisers and scouts spread out like a fan 
many hundreds of miles into the Atlantic, and in the 
ordinary course of events, an invading fleet would be 
sighted and reported in time enough to enable two or 
more of our coast defence squadrons to effect a junc- 
tion and give battle on equal terms, if not with a posi- 
tive superiority in fighting strength. 

It may be urged that with a double line of defence in 
the shape of seagoing and coastline battleships it would 
be unnecessary to build any extensive system of coast 
fortifications. Indeed, there have not been wanting 
earnest advocates of a policy of floating defences, pure 
and simple, just as on ihe other hand it has been 
urged that ample protection may be afforded by the 
mines and fortifications without the assistance of a 
fleet. As a matter of fact, however, fortifications and 
fleets are the counterparts of each other, and the full 
value of each can only be realized when it is backed 
up by the co-operation of the other. This is a funda- 
mental fact that should be clearly recognized, for 
nothing could be more pernicious than the idea that 
there is any competition or antagonism between the 
claims of the naval and army branches of coast de- 
fence. 

As a matter of fact, the third or inner line of our sea- 
coast defences has never received the measure of atten- 
tion from Congress which its vital importance demands. 
The various appropriations of the past fifteen years 
have been devoted chiefly to the upbuilding of a new 
navy, and a gratifying amount of public enthusiasm has 
been aroused in the work of reconstruction. Unfor- 
tunately, in its efforts to create a navy, Congress has 
apparently failed to realize the importance of seacoast 
fortifications. While our navy has advanced with 
rapid strides, the work of building emplacements and 
mounting guns has followed with halting steps, and 
until the last two years the necessary annual appro- 
priations have been doled out with a sparing hand. It 
is gratifying to note, however, that the country is now 
thoroughly awake to the importance of the subject, 
and there is reason to hope that the program of coast 
fortifications laid down by the Endicott Board many 
years ago will quickly be carried to completion, 

In the SCIENTIFIC AMERICAN SPECIAL Navy Sup- 
PLEMENT we encleavored to place before the pubiic a de- 
tailed account of our floating defences in the shape of 
battleships, cruisers, monitors and torpedo boats, and to 
create such a familiarity with the subject that our read- 
ers might easily recognize each ship as it was mention- 
ed in the operations of the present war. The sugges- 
tion that we should bring out a special supplement on 
the subject of coast defence, which would deal in more 
detail with the subjects of armor and armament, has 
reached us from so many correspondents in various 
sections of the country, that we feel satisfied the de- 
mand for such a number is widespread. 

In the present coast defence number we have en- 
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oe ES kaagae on Bh coche ce er ae pegtenengy to a fierce heat for sixty SUPPLEMENT that for two decades after the civil war 
: ites "yet ry 7 | Pte glare en ran into a common reservoir, | we ceased to take any part in the development of war 
related that -_ — < veagy ar material that is | from which it issued in two Streams, one of which led | material, and that when we commenced the construc 
touched upon in the NAVAL SUPPLEMENT is again | to each mould. The solid-cast gun was cooled in the | tion of a modern navy, we had to undertake the good 
taken up ne a more extended treatment, under the usual way in an open pit. The hollow casting was | work from the ground up, securing plans and sugges- 
head of coast defence. In conclusion we would again | cooled from the interior, by passing a stream of water | tions for our earlier ships from foreign yards. The 
impress upon the reader that the most effective coast | through the core for a period of forty hours, when the | same stagnation, though perhaps not so pronounced, 
defence is that which has its outposts at the enemy's |core was withdrawn. The water was then allowed to} occurred in dew, army department; and when the 
seaboard, and as a reminder of this cardinal truth we | flow through the bore of the gun for twenty hours, | government undertook the manufacture of modern 
present a@ double inset of our seagoing battleship |The mould for the water-cooled casting was placed in | steel guns, it very wisely determined to purchase its 
** Iowa,” which, with the ships of her type now build-|a covered pit, which had ‘been previously heated to| first material rom tenes foreign firms which had been 
ing in our yards, must ever be regarded as forming the! about 400 degrees, and this degree of heat was main- | successfully engaged for many years in their manu- 
first line of the country’s seaboard defences. | tained as long as the stream of water was supplied. In| facture. y a 
poe atte | the comparative tests the two guns were fired alter-| For the first few years, the largest forgings used in 
HEAVY BREECH-LOADING RIFLES. | nately up to the 85th round, when the solid-cast gun| American gun constraction were secured from the 
TuE heavy breech-loading rifle stands out as pre- burst. The test was continued with the Rodman gun | Whitworth Company, in Manchester ; but so rapid was 
eminently the weapon of coast defence. With its ex-| until it burst at the 25ist round. The water-cooled | the development of steel gun manufacture in thir 
ome Gas oe country, that it 
er of twelve miles ound hone nae Se 
and its ability to the government was 
penetrate over twen- 
ty inches of steel at a 
closer range, it con- 
stitates the chief 
ageney upon which | ae 
reliance is placed for pet Seen = <i» Gita pavy are equal if not 
preventing the en- Ll superior to any hoop- 
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mestic product. To- 
day the hooped guns 
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The manufacture { AAV creation of two 

of steel breech-load- ‘macnn mag Sn = name pA a a re = —j‘' separate establish- 

ing guns in the | ments, one for the 

United States com- COMPARATIVE DIAGRAM SHOWING THE DIMENSIONS AND WEIGHT OF THE CAST-IRON SMOOTHBORE 8-INCH GUNS army at Watervliet, 

OF 1841 AND THE STEEL BREECH-LOADING 8-INCH RIFLES OF 1893. Week Sone, Mee 


menced at about the 
time when we enter- 
ed upon the work of building up a new navy. Previ-| gun thus showed an advantage of about 300 per cent | atthe Navy Yard, Washington. It was considered that 
ous to the year 1880, no steel guns had béen constructed |over the common type. Many of the Rodman guns| with only one factory there would be an almost un 
in this country, and the most powerful weapons in use | were subsequently converted to rifles by the insertion | avoidable conflict of authority between the two de 
at that time were “converted” cast iron guns pro-| of an inner rifled tube. A gun of this type is shown | partments, and that their needs in many respects, 
vided with an inner rifled steel tube. The standard | on the following page. particularly as to the gun-carriages, were so dis- 
guns during the war of the Rebellion and the twenty | The Parrott guns were cast iron weapons similar to| similar that it would be the best economy to have 
the ordinary cast iron gun in shape, but somewhat | two separate establishments, aside from the fact that 
llighter at the breech, where they were reinforced by | the total productive capacity would be greater. The 
shrinking on a wrought iron hoop. They were rifled, | Washington gun factory, of which we present two 
and fired a conical shot, but in point of durability they | views on pages 7 and 8, is devoted to the manufacture 
of naval guns, and the guns for seacoast defense are 
built at the Watervliet arsenal, un interior view of 


York, and the other 


years succeeding the war were the celebrated Rodman 
east iron smoothbores, converted Rodmans, and the 
hooped Parrott rifles. Major Rodman’s system produced 
the best results attainable with castiron. It consisted in 
casting the guns hollow and cooling them from within, | were inferior to the Rodinan smoothbores. Indeed, 
thereby modifying the initial strains and throwing the | the latter weapons are to-day the best representatives 
interior metal at the bore of the gun into a state! of cast iron ordnance in existence, and for the defense | which is shown on page 6. The materials and process 
of tension. This device, coupled with his work in | of channels and mine fields they would still prove | of manufacture are practically the same at both estab 
to be serviceable weapons. Against the unarimored | lishments, the chief points of difference being in thx 
igreater length of the seacoast guns, in the gun carri 

ages, and in 


producing slow-burning powders, has given to this 
American officer a high rank as one of the earliest and | sides of modern cruisers, time-fuse shells from a 15-inch 


most success- 


a a ee a a the breech 


ful experimen- aoe ; 
mecha nisms, 








talists in the 
science and art 
of modern gun 
making. He 
did for our ar- 
tilery what 
Ericsson did 
for the navy, 
and laid the 
foundation of 


\s a rule, the 
army guns are 
longer, consid 
erations of con 
venience and 
weight restrict 
ing the length 
of the guns car 
ried by the 





the system up- peal ty 
on which ethods o 
Construction. 


our modern 
breech -load- 
ing guns are 
constructed. 
While the Eua- 
ropean  build- 
ers of ordnance 
carefully fol- 
lowed the tra- 
ditional shapes 
and ornament- 
ation of early 
times, the aim 
of Major Rod- 
man was to de- 
termine the 
exact amount 
and loeation of vere blows to 
the strains, and : which it may 
proportion and STATE, WAR, AND NAVY BUILDING AT WASHINGTON, D. C. t) e subjected 
shape his wea- : from . fl ying 
pons with sole reference thereto. He also paid particu- |smoothbore would prove very effective, and a battery missiles ; it must be able to withstand the — “ 
lar attention to the selection and preparation of his | of these guns commanding a modern mine field would | the steel projectile as it is shot through von “5 
gun-iron, and the result was a gun which, in its pro-| prove a strong defence against countermining opera-|and the scoring action of the hot page gy t 
portion of power to weight and in its endurance, was | tions by the enemy. must also be both tough and elastic. ; the gun 
steel used in our weapons is made by the Siemens open- 


greatly superior to the weapons which were being| It was in the period 1880 to 1883 that the Navy Bu- 


turned out at the time in the gun factories of Eu- lreau and the Ordnance Department undertook the hearth process, and it is treated by whet is ae 
rope. manufacture of steel guns on modern lines. One of the | the Whitworth process of fluid compresstan. ¥ ‘ iis 

In the course of his experimental work, Rodman | first steps was to secure some two hundred tons of | process the tinolten steel is pre — * ee « a 
caused two 8-inch guns to be cast from the same iron, | tempered and annealed steel forgings, for the pur- steel cylinder and oubjosted ha 1eavy an map . wae 
one being cast solid in the usual manner, and the other| pose of making experiments designed to elucidate sure, by which the gas w hich isin the meta is aque ¢ ue 
being cast on a hollow core, through which a stream of | the principles of gun construction, and to determine out, and a greater density and higher qaality wiv - 
water was passed while the metal was cooling. The | the effect produced by oil treatment, annealing, ete., to the ingot, the cavities in the metal being compietely 
iron was melted in two 7-ton furnaces, and after melting | on forgings. We have already pointed out in the Navy |closed up. After the ingot is cooled it is tested, re 
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It can be 
readily under- 
stood that a 
special grade 
of steel is re- 
quired to with- 
stand the sud- 
den and enor- 
mous strains 
to which a mo- 
dern high 
powered rifle is 
subjected. Gun 
steel has to be 
extremely hard 
to resist the se- 


























heated, and forged either under a steam hammer or in 


a powerful hydraulic press ‘ 

It would be well, just here, to refer to the sectional 
view of a 12 +h gun on page 5, from which it will be 
seen that a breech-loading rifle consists of an interior 


tube, a jacket in which it is inclosed for the greater part 


of its length, and a series of hoops inclosing the tube and 
The ar- 
the 


Varies in the 


the jacket 
rangement of 
hoops 
navy and army wea 
pons. As compared 
With the arminy guns 
it will be noticed. for 
instance, that the 13 
inch navy gun shown 


in the parative 


diagrain, page 8, has 
only ¢ e sel t hoops 
shrunk over the 
jacket and theel ASE 
no . xtend 
the lili feng of the 

cl I [ WW ard 
leng gun 

rhe gun material 
iS prepared a 
the stee § K and 
forwarded run 
shops sists o 
tubes and hoops of 
Val ] | gths and 
dian s. Thev are 
prepared by re at 
ng the got, boring 

and tl lrawing 


it out on a mandrel! 
under a forging press 
or a steam hammer 


They are next an 


nealed in order to re 
move any strains 
that mav have been 


set up by the forging. This is done by placing the forg 


ings in a special furnace, raising them to a predetermin- | 
ed temperature, and then allowing them to cool slowly 
By this means the ste softened, and all internal 
strains are allowed to work off The forgings are 
next bored d turned down near to the finished size 
The material is then oi!l-tempered to give the neces 
sary toughness to the steel In this process it is slowly 
heated and then lifted out of the furnace and lowered 
into a bath of oil, while if it is a tube or jacket a cur 
rent of « ade to flow through the interior. The 
steel] cools verv slow owing to the fact that oil isa 
noor conductor of heat, and the molecules of the steel 
hive time to readjust themselves. The result is that the 
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! . 
elastic limit and the ultimate tensile strength of the 


steel are greatly increased. The forgings are once 
more annealed, and specimens are cut from each piece 
and tested. This work is carried out under the strict 
supervision of officers of the Ordnance Department and 
the greatest care is taken to see that the quality of the 
forgings, whether they are for tube, hoops, jacket, 
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8-INCH CONVERTED RIFLE ORIGINALLY A 10 INCH CAST-IRON RODMAN SMOOTHBORE OF THE TYPE USED 
DURING THE REBELLION. PENETRATION OF RIFLE, 7°42 INCHES AT 1,000 YARDS. 


breech or muzzle, is perfectly unvarying. It isrequired 
that the forgings as they are delivered by the pri- 
vate manufacturers to the government arsenals, must 
show an elastic limit of from 46,000 to 50,000 pounds to 
the square inch, and an ultimate tensile strength of 
from 86,000 to 93,000 pounds to the squareinch. That 
is to say, aspecimen must be capable of the deforma- 
tion due toa strain of from 46,000 to 50,000 pounds to 
the square inch without showing any permanent “set,” 
and it must endure a pull of 86,000 to 93,000 pounds 
to the square inch before absolute rupture takes place. 
Moreover, it must show an elongation or stretch at the 
time of rupture of 15 to 17 per .ent ina length of 3 


inches 





Theory of the Built-up Gun. 

Before passing on to a description of the machining 
and assembling of the guns in the government gun 
shops, we will consider briefly the theories upon which 
the hooped or built-up guns are constructed. If the 
metal of which a gun is constructed were perfectly in- 
elastic, the pressure of the powder in the bore at the 
mom-nt of explosion 
would be instantly 
felt and resisted 
throughout the 
whole thickness of 
oar the gun from bore to 
circumference. But 
steel is very elastic, 
it gives under stress: 
and since at the mo- 
ment of firing the 
work of resisting the 
pressure falls imme 
diately upon the 
layer of metal next 
the bore, it is pro- 
bable that this inte 
rior metal will be 
stretched beyond its 
limit of endurance 
and ruptured before 
the outer layers of 
metal are taking 
their full share of the 
stress. As we have 
already pointed out, 
Rodman met the 
difficulty by cooling 
his guns, at the time 
of casting, from the 
interior, thereby 
causing the outer 
metal to shrink onto 
the inner and throw 
the whole gun intoa 
state of initial strain, 
the metal near the bore being in compression and 
the outer metal in tension. With the intruduction of 
of steel guns the same excellent principle was followed, 
although, for the sake of securing a better quality of 
steel, due to the forging, annealing and tempering pro- 
cesses, already mentioned, the steel guns were not 
made in one casting, but were built up of a central 
tube upon which were shrunk a series of hoops. 
The effect is the same that Rodman achieved, but it is 
much more scientifically arrived at, and, of course, the 
material employed is of a far stronger and more durable 
and reliable quality. In the finished hooped gun the 
tube is in compression and the hoops are in ten- 
sion. Consequently, when the gun is discharged, the 














IMPROVED PATTERN OF 13-INCH NAVAL GUN-—TO BE MOUNTED ON OUR LATEST BATTLESHIPS. 


Weight 145.000 pounds ; 


rate of fire, one round in 1 minute 47 seconds. 


18800 


weight of shell, 1,100 pounds; weight of charge, 550 pounds; muzzle velocity, 2,100 feet per second; muzzle penetration, 27 inches of steel ; 
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pressure is felt and resisted instantaneously through- |one of these is prepared on the same lines as just de- 
out the whole thickness of the gun, every particle of | scribed for the tube, each one being accurately bored 
metal assisting in doing its share of the work. and reamed and its exterior turned down with the 
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whose fuel is raw petroleum, actuated by a blast. As 
the piece gets hot its diameter is constantly tested by 
means of a species of interior calipers termed a fixed 
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SECTION THROUGH 12-INCH COAST DEFENCE GUN, SHOWING METHOD OF CONSTRUCTION. 


Assembling the Gun. 
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greatest exactness. For hoops and jacket the general |star gage. As soon as it has become large enough it is 


The foundation upon which the gun is built up is | principle is followed that boring and finishing the inte- | lifted out of the furnace and lowered into place over 
the ‘‘ tube,” and the first operation at the gun-shop is | rior surfaces precedes the final turning of the exterior | the vertically supported gun. 


to center it in the lathe, since it may have been warped | or shrinkage surfaces. 
in the progess of oil tempering, and bore it, there being | 
perhaps as much as half an 

inch of metal to be re- PP. rail 

moved during the boring pila 
operation. The finish Bt 
reamings are given with a 
reamer consisting of a stock 
whose head earries a block 
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tf, 
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The gun is again put in the lathe chuck, and sup- 


The hoops and jacket are a little less in interior dia-| ported by steady rests and prepared for a new hoop. 


In this way it is gradually 
YUM I MU{UIY§U{j built up. It is to be ob- 
KKK K KK served that the shrinkage 
surfaces are left as they 





eome from the square- 


j y nosed tool in the lathe. 
KESRQ 1, ar 
S They are not touched with 





of hard wood soaked in oil, 
turned to shape and pro- 
vided with steel cutters. 
By these tools the bore of 
the gun is perfected. Be- 
fore the final finish ream 
ing, the tube is turned on 
the outside. 

In this operation the gun 
is supported at some inter- 
mediate point with steady- 
rests, for whose bearing 
seats are turned upon the 
exterior of the gun. The 


cc 




















surface is first rough-turn- BREECH MECHANISM OF 12-INCH COAST DEFENCE GUN. 


ed to within about 0°03 of 


an inch of the shrinkage diameter. The final turning is} meter than the exterior diameter of the cylinder which | 
given with a square-nosed tool about an inch in width, | they are to embrace, about a hundredth of an inch 


and here the utmost accuracy must be observed, no|shrinkage per linear foot of diameter being allowed. 
variation exceeding 0°003 of an inch being tolerated. | To put a hoop in place, the part destined to receive it, 
Over the inner tube is shrunk a heavy tube which is | which may be the interior tube or may be the partially 
termed a jacket, and a number of other tubes superim- | hooped gun, is set up on end in a special centering-pit | 
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the file or emery paper. 


) Ws ; 
REECH BLO Ws The shrinkage operations 
SQ WOOOW4) ’ ' , 
WG. mans Yj rYpy « slightly diminish the bore, 
seuenbhpdbnenapawibennes g indicating what a tremen- 
“UnYy dous power is exerted by 
‘| t= the hoops, and necessitat- 
XAAKE ing a final finish reaming 
“\\ ~~ . . 
\ WY . of the bore before rifling. 
MMi gg When all the hoops are 
YY fj ; 


Yi y : in place, the exterior of the 
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gun is turned in the lathe 
to its final shape, and then 


4, 


Yip nities 
UW  f ff it is gone over from one end 
to the other with files in 
the hands of the workmen 
as it turns in the lathe, so 
that its exterior surface leaves the shop as perfectly 
hand-finished as any piece of fine machinery. 

The interior has to be bored and reamed out to pro- 
vide an enlarged powder chamber at the breech end. 
In the 12-inch gun this is about 6 feet long and about 


2 inches larger in diameter than the bore of the gun. 


posed and rabbeted at the ends, termed hoops. Each | near the furnaces. The hoop is heated in a furnace, ! Then a conical slope 18 inches long comes between the 
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12-INCH COAST DEFENCE GUN MOUNTED ON BARBETTE CARRIAGE. 
Weight, 128,719 pounds; weight of shell, 1,000 pounds; weight of charge, 487 pounds; muzzle velocity, 2,100 feet per second ; penetration at the muzzle, 27°1 inches 
steel ; rate of fire, ten rounds in 28 minutes 11 seconds. 
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forward end of the powder chamber and the bore of 
the gun. This is not all. To enable a projectile to enter 
the bore, and for its packing rings to fill the grooves, 
be bored out. 


what is termed the forcing slope must 
his consists, in the case of the 12-inch gun, in a slight 
enlargement of the bore, with a very slight taper, 
at the breech end, for a distance of some 4 feet. 
his increases the bore at the rear end of the forcing 
slope a little over 0°05 of an inch, the enlargement re 
ducing, of course, to zero at the forward end 

The nex peration is the rifling of the bore. In 
order to give the proper rotation to the projectile, the 
bore of the gun is cut, from the powder chamber to the 
muzzle, with a large number of shallow spiral grooves, 
72 hese being used in the 12-inch gun. The grooves 
start parallel to the axis at the rear of the bore and 
then are given an increasing twist up to the muzzle, 
wher ev bh eatwist of one turn in twenty- 
five diameters 


The Breech Mechan’sm 
By reference to the sectional drawings, page 
5, it will be seen that the jacket overlaps and 
extends to the rear of the tube. and forms what 


‘ which receives the 


Is KI \ AS Tie rew Ox 

** breech-block b\ vhich the breech is closed 
after loading the gun. A deep thread is cut on 
both the block and the box, a sufficient area of 


thread being provided to withstand the pres 


sure tending to blow out the block, a pressure 
which is, of course, exactivy equal to that 
which drives the projectile from the gun. As 
it would take a long time to serew the plug into 
its pla f vel rotated the dozen or more times 
that wou e necessary if the thread were left 


intact, the thread in both breech-block and box is 


interrupted,” that is to say, four equal channels 
are cut across it parallel to the axis, the width of the 
channels being equal to the width of the remaining 
thread No bringing the threaded portions on 
the breech-block opposite the channels in the screw 
box, the block may be pushed home into place 
Then, by giving the block one-eighth of a turn, the 
remaining thread on the block will be brought into 


engagement with the remaining thread in the box 


and the breech “locked.” Although the breech 
block is very aceurately made, it does not fit closely 
enough to prevent he eseape of the powder gases. 
This is accomplished by means of an automatic ‘‘ob 
turator,” known as the iushroom This is a piece 
of metal, C (see page 5), with a mushroom-shaped head 


which slides through the breech-plug, 
and is held in place by Back of the 
and between it and the end of the breech-plug, 


and a stalk 


tne nuts,ce 
head 
is a pad, P, nade up of asbestos and tallow contained 
When the 


squeezes the pad between the 


in a canvas ring gun is fired the pressure 
mushroom and the plug 
against the chamber of 


The spindle 


and forces it out toa tight fit 


the gun 


, thas forming a perfect gas seal. 





or stalk is perforated to provide the vent through 
which the charge is ignited by a primer, which is 
screwed into the rear end of the stalk at W each time 
that the gun is fired. 

The rear end of the block carries a rotating ring, B, 
provided with a gear arm, D, for locking or unlocking 
the block. This is accomplished by means of acrank N, 
and the gears, E, E. After the block has been given 
| one-eighth of a turn, it is withdrawn onto the “tray,” G, 

by means of the crank, O, and the “* translating screw,” 
H. The tray is hinged to the lugs, f', on the gun, 
and after the block has been drawn out, both are swung 
around, leaving the breech clear for the next load 
is cut with a double 





ing. The “translating screw” 
thread, one right-handed and the other left-handed. 


The right-handed thread engages a thread cut 


| 


[through the tray, and the left-handed thread en 





BORING TOOLS FOR HEAVY BREECH-LOADING RIFLES. 


| vages a stud projecting downwardly from the end of 


the breech-plug. When the crank, O, is turned, the 
screw, H, moves to the rear in the tray and the breech- 
block moves to the rear over the translating screw. 
Hence the rotation of the screw withdraws the breech- 
block from the box with a movement equal to the sum 
of the pitches of the two threads for each revolution of 
the serew, thus greatly expediting the movement. The 
crank, N, and the arm, D, are locked in place by the 
small spring catch, n, and the tray, G, is similarly held 
in position by the latch, L. 

The guns are fitted with their breech-mechanism in 
a smmall knock-down shop as shown in our illustration 
on the eighth page. It would be aslow and trouble 
some task to transfer these heavy weapons, weighing 
some 50 tons apiece, to a common breech-mechanism 
shop, and to avoid this the guns are run out of the 
shops on acar in pairs, and blocked up in any con- 
venient position in the yard with their breeches facing 
each other. The portable shop is then erected over 
them, and the work of assembling tae breech-mechan- 
ism is carried out under its shelter. 

The complete operations of loading a 12-inch sea- 
coast gun during a series of rounds are as follows: The 
eatch, n, is released and the breech-block rotated one- 
eighth of a turn by the crank, N. Itis then drawn onto 
the tray by turning the crank, O, and swung clear of 


COAST DEFENCE EDITION OF THE SCIENTIFIC AMERICAN SUPPLEMENT. 








the breech. The gun is “sponged” by pushing a 
swab through the bore, and the shell, weighing 1,000 
pounds, is then wheeled up to the breech on an adjust- 
able tray, and pushed home with a swift thrust until it 
is brought up by the copper rifling-band bringing up 

‘against the rifling in the bore. The powder charge, 
weighing 487 pounds, is next lifted into the powder 

|chamber and pushed home close to the base of the 

shell. The tray is then swung round to the rear of the 

breech-box, the plug slid into place and locked; a 
primer, with a lanyard (cord) attached, is screwed into 

ithe outer end of the mushroom stalk, and the gun is 

| ready for the command, “ Fire !” 

The 12-inch gun shown on pages 5 and 6 is 40 feet long 
and weighs 641¢ tons. The bore is 37°8 feet long, and the 
outside diameter of the gun over the powder chamber 
| is 46°4 inches. When the gun is fired, a pressure is pro- 
duced on the walls of the powder chamber of 
19 tons to the square inch. The shell leaves 
the gun with a velocity of 2,100 feet per second, 
and its energy is 30,570 foot-tons, that is to say, 
it would be capable, if gradually applied, of lift- 
ing the Spanish cruiser ‘*Vizeaya” bodily 4 feet 
into the air. If the shell struck the “* Vizcaya” 
squarely at a range of 1,000 yards, it would be 
capable of penetrating both 12-inch steel belts, 
and passing entirely through the vessel. This, 
however, is not what our artillerists aim to do. 
The shells are fitted with a “delay ” fuse which 
will explode them within the vessel just after 
they have passed through the armor. The ques- 

tion of projectiles, however, will be dealt with in a 
later chapter. 

The comparative diagram, page 8, is presented to 

give the reader a graphic view of the relative sizes of 

'our breech-loading guns, from the 3°2-inch field-gun up 

‘to the great 16-inch gun for coast defense, which is now 
| nearing completion. It must be understood, however, 
that the diagram does not include all the guns em- 
| ployed in the two services. 

The Naval 13-inch Gun. 

The 13-inch gun is the largest gun at present in use in 
| the navy, and the weapon shown in the diagram is the 
|same as forms the main battery of the “ Indiana,” 

** Massachusetts,” and ‘‘Oregon.”’ The 13-inch gun 
shown in the engraving, page 4, is similar to that 

‘shown in the diagram in the construction of its tube, 

jacket, and hooping, bat it is provided with a new 
type of mount, designed by Lieut. Fletcher, of the 
United States navy, which, in connection with the 
excellent breech-mechanism designed by the same 

| officer, has given to the 13-inch gun many of the ad- 
| vantages of the rapid-fire gun, and has reduced the 
time of loading and firing nearly 50 per cent. 

| The breech-block of the 13-inch gun has six equal 
| channels cut through the thread, as against four chan- 
nels on the 12-inch army gun, and hence it is only neces- 
sary to give it one-twelfth of a turn as against one- 
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WEIGHING A 52-TON GUN ON THE 150-TON GUN-SCALE AT THE WATERVLIET ARSENAL. 
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eighth in the other weapon. It will be remembered that 
in the 12-inch breech-mechanism there are three distinct 
operations to be performed in opening the breech. It 
is rotated by one crank, withdrawn by another, and 
then pulled around clear of the breech. In the 
Fletcher mechanism all three operations are performed 
by the continuous rotation of a single crank at the side 
of the breech. The con- 
struction is as follows: 
A stout bracket is bolt- 
ed to the side of the gun 
at the breech, which 
carries a crank and 
shaft, at the inner end 
of which is a worm, 
The worm engages a 
worm-wheel at the top 
of the hinge-shaft on 
which the plug-tray 
swings. Just below the 
worm-wheel and keyed 
to the same shaft is an- 
other wheel, which, in 
the first period of the 
rotation of the vertical 
shaft, acts as a worm- 
wheel on a circular 
worm-rack on the 
breech-block to rotate 
the block, and then acts 
as a gear wheel on a 
horizontal rack attached to the side of the block and 
slides it out of the screw-box onto the tray. As soon as 
the block is on the tray, the continued turning of the 
hand-crank swings the block and tray clear of the 
breech. The simplicity and ease of handling of the 
mechanism has greatly reduced the time of loading 
these heavy weapons, as may be judged from the fact 
that in an official test of a 18-inch gun the breech was 
opened in 8°72 seconds, and all the operations of open 
ing breech, loading, and firing were executed in 1 
minute and 47 seconds, The gun is carried in a mas- 
sive sleeve, which is pivoted to the plate-steel revolv- 
ing gun-carriage, shown in the engraving. When the 


gun is fired it slides within the sleeve, its motion being | 


controlled by four recoil cylinders, which are mounted 
on the sleeve, two above and two below it. The cylin- 





der piston rods are attached to a massive ring which is 
shrunk on the breech of the gun. When the gun re- 
coils, the pistons travel with the gun, the cylinders re 
maining stationary on the sleeve. 

The recoil of the gun is controlled by a series of 
heavy coil springs at the back of the pistons, aided by 
the resistance of a mixture of glycerine and water which 





MACHINE FOR RIFLING HEAVY GUNS. 


| flows past the pistons through a series of grooves cut in 
| the walls of the cylinders. The grooves allow the fluid to 
| flow freely at first, but they are so cut that the openings 
|are gradually throttled as the pistons advance, thus 
presenting an increasing resistance which gradually 
‘brings the gun to rest. Although the initial energy 
of recoil is about 34,000 foot-tons, the great gun is 
brought up within the space of forty inches. Glycerine 
|and water are drawn in after the pistons during the 
recoil and are shut in by a valve when the recoil is 
completed. When the valve is gradually opened, the 
| coil springs slowly force the gun forward to its original 
position in the sleeve. 
Seacoast Gun Carriages. 

The army guns for seacoast defense are all provided 

|with heavy trunnions, The 12-inch gun, shown on 
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page 5, is mounted on a barbette carriage, and the 
trunnion sleeve, which we have just described in the 
13-inch navy gun, is replaced by a massive top carriag®, 
in the bushed bearings of which rest the two trunnions 
of the gun. The top carriage is formed in one piece 
with two recoil cylinders, one on each side of the gun. 





The carriage resis upon rollers of forged steel, which, 
as the gun recoils, en 
able it to travel over 
the under carriage. The 
cylinders travel with the 
upper carriage and the 
pistons remain station 
ary, being attached to 
the under carriage. The 
action of the recoil is 
similar to that already 
described in connection 
with the navy gun, 

The gun is elevated 
and depressed by means 
of the vertical worm and 
RAE LAWS = worm- wheel seen on the 

WEAD j right-hand side of the 
gun to the rear of the 
recoil eylinders, the 
worm-wheel in turn ope 
rating a pinion which 
engages a circular rack 
attached to the gan 
The whole gun-carriage 
is mounted upon a circle of steel rollers, and the 
gun is turned to the right or left (traversed) by 
means of achain which is carried around the base of 
the carriage and fastened to the stationary foun- 
dation-plate. This chain passes up and over a sheave 
which is operated by two hand-cranks through a worm 
and worm-wheel. This traversing gear is seen in the 
illustration in the front of the carriage beneath the 
chase of the gun. 

The heavy seacoast guns of 8, 10 and 12-inch caliber 
are mounted either on barbette, disappearing or case- 
mate carriages. The gun herewith illustrated is of the 
first type. It fires over a parapet and is permanently 
exposed to the fire of the enemy. The. disappearing 
fun 18 loaded and sighted in the lowered position 
(see first page illustration), the gun and gun-crew being 








THE GREAT GUNSHOP, WASHINGTON—LENGTH, 700 FEET. 
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DIAGRAM TO SCALE SHOWING RELATIVE SIZES OF ARMY AND NAVY GUNS. 


below the parapet and outof sight of the enemy, andit| try, and probably in the world, is that designed by, general public regarding our big breech-loading rifles is 


comes into view above the parapet for a few seconds only | Co 
st the moment of firing—the recoil serving to throw it | of 
ack and down to the loading position 
carriage is somewhat similar to the barbette carriage, | tio 
but it has a much smaller are of training, and fires| ‘I 
hrough a port casemate instead of over a parapet. 
Che wost successfel disappearing carriage in this coun- 
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lonel A. R. Buffington and Captain William Crozier, | how quickly can they be loaded and fired. A test of 


| . . 
Two engravings of this | this very point. was recently carried out by the Ord- 


the United States army. | 


The casemate! carriage appear on our first page, and a full descrip-| nance Board on the 8, 10 and 12-inch rifles. Ten rounds 


n will be found on another page under the head of | were fired from a gun of each type. The test com- 
|menced with the breech-block closed, the gun at the 


Jisappearing Gun Carriages.” 
proper elevation for loading, and a shot lying ready 


Rapidity of Fire of Heavy Breech-loading Rifles. 


One of the questions most frequently asked by the! near the breech in the loading-tray. The command 





PORTABLE SHOP FOR ASSEMBLING BREECH-MECHANISM OF HEAVY GUNS. 
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** Load ” was given, and the operations of loading and 
firing were continued without intermission until the’ 


discharge of the tenth round. The results were as fol- 
lows: Ejight-inch rifle, served by a detachment of 12 
men, 10 rounds in 17 minutes. The board considered 


that under normal conditions this time would be re-| 
duced to 14 minutes. Ten-inch rifle, served by a de-| 


tachment of 14 men, 10 rounds in 14 minutes 39 seconds, 


Twelve-inch rifle, served by 17 men, 10 rounds in 98 | 


minutes 11 seconds. 
Good as this record is, it could be bettered by the 


adoption of the improved naval breech-mechanismm | 


of which we have given a description above, and 
also by the substi- 
tution of mechani- 
eal for hand power 


: Tye 
in bringing the am- at o> 
munition from the ae inst x 
magazives to the ity a 


gun-platform and in 
training and elevat- 
ing the gun. The 
navy, as we showed 
in the Navy Sup- 
PLEMENT, is _ fully 
equipped with me- 
chanical devices for 
these purposes, the 
work being accom- : OP. : 
plished either by «—.-SR'S* 4 
hydraulic power, 
steam, compressed 
air or electricity; but at present hand power pre- 
dominates in the manipulation of our seacoast guns. 
There are no structural difficulties in the way of in- 
stalling mechanical power in our batteries, and its 
use, particularly in the matter of bringing the heavy 
ammunition from the magazines to the gun platforms, 
would vastly increase their efficiency. 

These seacoast guns are among the most perfect 
weapons of their kind in the world, and it is sincerely 
to be hoped that in the new era of progress, that 
will result from the lessons of the present war, we shall 
see the handling facilities and general equipment of 
our coast defence batteries brought fully up to the 
level of that installed in our navy. 

The Great 16-inch 125-ton Coast Defence Gun. 

Before closing our chapter on the breech-loading 
rifles, mention must be made of the great 16-inch gun 
which is now nearing completion. With the compara- 
tive failure, some years ago, of the 16-inch 110-ton 
guns and the 17-inch 105-ton guns, respectively mounted 
in the English and Italian navies, the manufacture of 
these monster weapons ceased altogether, and it was 
predicted at the time that no more of them would be 
built. The tendency of late years has been to reduce 
the weight of the main battery, the heaviest guns of 
the United States battleships being of 64%4 tons weight; 
of the English, 46 tons; of the German, 48 tons; and 
of the French, 44 tons. The reasons which led to the 
adoption of the lighter guns were the great difficulty 
of manufacturing guns of over 100 tons weight that 


“urr 
CONCRETE 





ment costs far less than it does to place the same 
gun with equal protection upon a battleship. The 
unsteady platform afforded by a ship’s deck, com- 
bined with the slowness of firing so huge a weapon, 
makes the probability of scoring a hit very remote; 
but such a gun mounted in a fort and trained across a 
channel, such as the entrance to New York Bay or 
San Francisco Harbor, where the ranges are moderate 
and accurately known, would have every chance to 
get home a shot normal to the belt armor of a pass- 
ing ship. One such penetration of the vitals by a 
shell weighing over a ton would do more to wreck 
the ship than acontinued battering by shells of lighter 
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ACTUAL PENETRATION BY A TRIAL SHOT FROM A 164 INCH 110-TON GUN. 


ealiber. It is mainly for this last reason that 
General Flagler, of the United States army, has 
strongly advocated the building of a certain number 
of 16-inch guns for coast defense. 

The destructive force of a shot may be expended in 
penetrating the armor or in racking and crushing in the 
sides of aship. While it is true that modern 45 or 50- 
ton guns have a high power of penetration, they fall 
far below the larger guns in the crushing force of the 
blow delivered. Thus the 12-inch 45-ton United States 
gun hasa muzzle energy of 26,000 foot-tons, whereas the 
16-inch gun will develop over 64,000 foot-tons of energy. 
The racking effect of such a blow, squarely delivered 
on the belt armor of a passing ship, would be terribly 
destructive, even if the shell, as is extremely unlikely, 
should fail to penetrate. 

The recent improvements in the material and manu- 
facture of guns make it possible to turn out weapons of 
over 100 tons weight that are free from the defects of 
the early English and Italian guns. The drooping 
which occurred at the muzzle of these guns after firing 
a limited number of rounds was due to the short length 
of the outer hoops, which robbed the gun of its ne- 
cessary transverse strength. By employing longer 
hoops aud disposing them to better advantage, as is 
done in our large guns, we have built a 125-ton gun 
which will prove to be thoroughly reliable. 

The accompanying illustration shows the actual pen- 
etration of a target by an 1,813-pound Holtzer projec- 
tile, fired from one of the 110-ton guns built for the 
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THE FLIGHT OF A MODERN 


would stand the actual test of firing ; their destructive 
racking effect upon the ships in which they were 
mounted ; the large amount of weight which had to be 
allotted to their mounts and protection, and the slow- 
ness of their discharge. It was found, moreover, that 
by increasing the length of the guns, reducing the 
caliber, and using smokeless powder, a much greater 
speed of firing and an equal amount of penetration 
conld be obtained for about half the total weight of 
guns and mounts. 

But, while the argument in favor of lighter and 
more handy guns is a powerful one, as applied to bat- 
tleships, it is not so strong as applied to land fortifi- 
cations. The mounting and protection of a gun of 
over 100 tons weight in an earth and concrete emplace- 
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zle, the shell will be capable of penetrating 39 inches 
of steel, and ata distance of 2 miles it would pass 
through 27°5 inches of the same material. 

We take the present occasion to correct the popular 
idea that the biggest guns are intended for fighting at 
the longest range, therifles of simaller caliber being re- 
served for attack when the ship is at close range. Asa 
matter of fact, the 8 and 10-inch guns would open the 
attack on an approaching fleet at long range, and the 
12 and 16-inch guns would reserve their fire for arange at 
which their projectiles would be sure of penetrating the 
belt armor and wrecking the vital parts of the vessels. 

The Extreme Range of Modern Guns. 

Nor is great size 
necessary to great 
carrying power. The 
Yip most remarkable re- 
Yj sults ever actually 
attained were secur- 
ed from a 92-inch 
gun in England and 
a 945-inch hooped 
gun in Germatny. 
So great is the inter- 
est in the question 
of extreme range, 
as evidenced by the 
large number of 
queries that reach 





! 
oss allah: ae this office from time 
4 ° to time, that we an- 
3e 3 swer the question by 
> ge the publication of a 
v 


eut showing the ac- 
tual course followed by a9°45-inch shell fired some years 
ago at Krupp’s practice ground at Meppen, Germany, 
The gun is supposed to be set up at Pré St. Didier and 
fired with an elevation of 45° in the direction of 
Chamonix. The shell, weighing nearly one-fourth ton, 
would rise to an extreme altitude of 4,5 miles, or over 
a mile higher than Mont Blane, and sweeping across 
the whole range in a majestic curve, it would fall into 
Chamonix, 12,4%; miles from the starting place ! 

The other famous shot was that known as the * Ju- 
bilee Round,” which was fired at Shoeburyness, Eng- 
land, in 1888, the year of the Queen’s Jubilee. The 
gun was a 9°2-inch rifle of the wire-wrapped type. A 
380-pound shell was fired with a muzzle velocity of 2,360 
foot-seconds at 45° elevation. The range was 124 miles, 
or almost exactly that of the Krupp gun, and, as in the 
latter case, the calculated and actual range were sur- 
prisingly close. 

The actual range of both naval and army guns is 
limited by the degree of elevation that can be given to 
the gun. The extreme range cf the seacoast guns, if 
given an elevation of about 45°,-would be for the 16-inch, 
134g miles; 12-inch, 1144 miles ; 10-inch, 11 miles; 8-inch, 
9 miles; and 6-inch rapid-fire gun, 744 miles ; but it will 
of course be understood that firing at these ranges 
would never be desirable, because of the remote possibil- 
ity of hitting a moving ship at such a great distance. 

The present scheme of coast defencc as drawn up 
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PROJECTILE. RANGE 12°42 MILES. EXTREME HEIGHT OF TRAJECTORY, 46 MILES. 


battleship ‘“‘Sanspareil,” of the British navy. The 
energy of the blow was 54,320 foot-tons, and the shot 
bored a 16\¥-inch hole through 20 inches of compound 
steel and iron plate, 8 inches of iron, 20 feet of oak, 5 
feet of granite, 11 feet of concrete, and finally buried 
itself in a 6-foot wall of brick masonry. 

The new 16-inch gun is a few inches under 50 feet in 


length. It weighs 280,000 pounds, or 140 tons of 2,000 : 


pounds. The powder chamber is over 11¢ feet in dia- 
meter and about 9 feet long. The shell weighs 2,370 
pounds and the powder charge 1,060 pounds. The shell 
will leave the muzzle with a velocity of about 2,000 
feet per second and an energy of 64,084 foot-tons— 
equal to the task of lifting sixty-four of the biggest 
freight locomotives ten feet into the air. At the muz- 


some years ago by the Endicott Board, after an ex- 
haustive examination of the various harbors, road- 
steads and cities of the seaboard, recommended that 
the following guns and mortars should be mounted : 




















*. i} 
| 46-ineh.| 14-inch. 12-inch.| 10-Inch,| 8 inch. | mon om 

New Yor® 2.0 coves 18 2 40 20 15 14 
San Francieco....... 10 4 20 71 5 128 
Pe nd nuttsrssce | 8 ‘e 10 15 10 132 
Lake porte . ......! we we - 
Hampton Roads. .. 4 ad 10 20 ee 16 
New Orleans........ oe +o 20 ws 10 . 
Philadelphia...... .. oe - 10 5 5 16 
Washington...... | .. Tae cae 8 re ons 
Baltimore, .......... be 7" 5 5 5 16 
Portland, Me........ os Py 20 10 10 48 








*The question of mortars and high-angle fire is taken up in @ later 
chapter, 
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expedient for us to say at the present time, but we 


trust that Congress will 


at the close of the war to issue the oft requested put 


long delayed appropriations necessary for carry 


through to completion this most 


Ing 


work 
--+e-> 
WIRE-WOUND GUNS. 
THE credit for the invention of the English wire 
wound gun is to be given to the late J. A. Longridge, 
1 English « iwineer, who, after nearly forty years 


of struggle to perfect his device and overcome the pre 


jndice of the British authorities, lived to see the wire 


| 
make it one of its first duties | 
| 


important 








* ed 
The 10-inch gun shown in our cut may be consideres 
as the prototype of the Brown segmental gun. It con 


sists of an inner tube, an outer segmental core extend 
; 


| 


llength of the gun. This weapon was rendered unser 


viceable at the twenty-third round by the splitting of 


the inner tube in five places. 


The Crozier 10-inch wire-wound gun is the invention |simple and easily understood. 


of the army officer of that name, who is better known as | 


the inventor of a most successful disappearing gun 


ing from the breech over half the length of the gun, 
the coro being made up of longitudinal bars of steel, 
and a series of wire wrappings extending the sg ing any signs of failure. 














went at the United States proving grounds, Sandy 
Hook, in December, 1893, and again in May, 1896. The 
i| tests consisted of 200 rounds, fired with both brown 
and smokeless powder. The gun was subjected to ex- 
cessive powder pressures, the waximuim reaching 65,600 
pounds to the square inch, and it developed the high 
muzzle velocity of 3,235 feet per second, without show- 








Theories of the Wire-wound Gun. 

Although the principles upon which the wire-wound 
gun is constructed are thoroughly scientific, they are 
If the modern gun 
were made in one piece, as were the old cast iron guns, 
‘the enormous pressure of the powder gases would 





It consists of a heavy central tube of forged | stretch the metal lying nearest the bore of the gun be- 























vou mm adopted as the standard weapon of the| carriage. 
English na His at was drawn to the subject | steel overlaid with a practically continuous wrapping of | yond its elastic limit before the overlying metal nearer 
by observing frequent failure of mortars during the | wire from breech to muzzle ; a steel jacket, carrying the | the circumference could come into play and assist in 
. as of siege of Se taking the strain. 
stol : ( ‘ee  - To correct this fault guns 
) oor a ee , are built up, as we have 
ir “Der i his 1 = 
vork sa is nee I . fi -_-— -- shown in the previous 
After mu considera ’ —— “ & chapter, of a series of over- 
ion, I came to th t an 2" ree ; lying cylinders, each series 
n tha best meth being shrunk on over the 
f constru g¢ a eylind tom onO2IER seein others, with the result that 
to resis ernal pressu! en — — — - the innermost tube is 
was cea par i® ee) ie I 1 ans See § 3 SO a 4 thrown into a state of 
1 tube and p 1} ' H i? , 5 initial compression. It is 
success : wit i evident that upon firing 
each coi y n wit! »- — terse nes mpoenens con ian <0 cas ener eS ee ~~ such a gun the shock of dis- 
a definit : : ig THE WOODBRIDGE AND CROZIER WIRE-WOUND GUNS. charge will beinstantly felt 
‘ g t and resisted by every one of 
which would be expressed by a function of the radial] breech-block and trunnion-hoop, is piaced over the wire the cylinders or “‘ hoops,” as they are called, and every 
distances of such coil from the axis of the cylinder. | with a very slight shrinkage and connected at its for-| particle of metal, from the bore to the circumference of 
In this w provided such initial tension of lay ing | ward end with thetube. Hoops are shrunk over the the gun, will be doing useful work. The strength of a 
on were properly calculated, the completed eylinder|ehase to protect the wire from being cut by missiles. | built-up gun will depend upon the amount of initial 
vould be ite of varied initial stress, and when| This gun, unlike its predecessors, has given uniformly | compression and tension which the inner tube and the 
such stress was supplemented by the stress arising | good results, and in the words of the testing board “has | outer layers can respectively be made to carry, and 
frot ternal press due to the explosion of the] satisfactorily met all requirements as to rapidivy, ac- | this in turn depends, of course, on the elastic strength 
powder, t stress under fire would be uniform] curacy, and general efficiency.” The gun was designed | of the metal employed. The efforts of Longridge and 


thickness of the cylinder. To 


for a pressure of 42,000 pounds, and 275 rounds were 
fired, commencing with a pressure of 35,000 pounds 
(about the service pressure for the hooped guns) and 
ending with ten rounds in which the pressure exceeded 
45,000 pounds. The only defect was that due to the 
erosive effects of the powder gases, which cut away the 











leter: 1e proper tension of laying on to fulfill 
hese »nditio was a mathematical problem of some 
exity, but it was solved and embodied in a 
formula wv s still in use. This invention was the 
subdject of m first pate nt. dated May 24, 1855.” 
in experimental gun was built which so completely 
verified Mr. Longridge’s experiments that he offered 
the device free of cost to the government; but, unfor- 
tunately, prejudice and ignorance combined to prevent 
the adoption of a system which would have advanced 
the art of cun nstruction fully a quarter of a century. 
The matter was finally taken in hand by Mr. Arm 
strong. who bu 4 weapon which, in its ballistic re 


sults, far surpassed anything hitherto accoui plished in 


commencement of the rifling so badly as to destroy 
the accuracy of the firing. The Crozier gun is designed 
for a velocity of 2,100 feet per second with brown 
powder. 

There is now being built and nearing completion 
for the government a 10-inch wire-wound segmental 
gun which promises to be the most powerful weapon 
for its size and weight in the world. It was designed 
by Mr. J. H. Brown and it is the second of its type to 
be built, the first, a 5-inch gun, having been built five 





| Woodbridge were based upon the theory that if, in- 
stead of shrinking on hoops, a high grade of steel wire 
| were wound onto the inner core of the gun at a high 
tension, a much higher compression of the inner tube 
could be obtained, and greater powder pressures and 
velocities would be possible. Longridge’s experimental 
gun verified his theories, but failed because sufficient 
provision had not been made for longitudinal strength. 
When the system was ultimately taken up by Mr. 
Armstrong in England, he overcame the difficulties of 
longitudinal weakness and produced a wire-wound 
gun which, as we have seen, has been adopted as the 
standard weapon for the whole British navy. 

Now, the limit of strength of the ordinary wire- 
wound gun will be the elastic strength of the inner 
‘eore of the gun (for it is evident that the metal must 





This led the government to adopt the wire wound | years ago by the inventor, and tested by the govern | not be compressed beyond its elastic limit), and the 


elastic limit will be dependent 





Kun aS ry pe mG 
Lhe The irmaiment t 

latest battles ps of the ** Ma 
jestic type consists of 12 
inch wire guns in place of the 
l }-inch hooped guns, which 
were the i igun in th 
eery rh WW Ve pon is 
not o e power il pen 
etrating 36°8 inches of iron a 
against inches for the 13°5 
inch gun, but it weighs only 


two-thirds as much, or 46 tons 
nat Ov tons Mr Long 
ridge jived to see this tardy 
but eomplete vindication of 
his principles 

In this eountry the devel 


opmert t of the wire run is due 





to Woodbridge. Crozier and 
of whose guns we give 


Wood 


bridge was the pioneer inves 


Brown 


sectional lilustrations. 


tigator, and as far back as 
1850 he presented to the 
American government un 
iron gun wound with wire 
The vun Was a tailiure, owing 
to certain mechanical defects 
in the construction and wind 
ing of the wir Three guns 


of the Woodbridge type have 


been tested hb the govern 
ment The first was a 10 


ineh wire- wi und brazed yun 
the test taking place in 188] 
This weapon was fractured 
und parted longitudinally at 
the ninety-third round. In 
1891-02 a Ws 


cast iron wire 


“albridge 10-ineh 
wound gun 
was tested with medium 
‘harges of brown prismatic 
powder, but on account of the 
inferior power of the gun 


and the considerable scoring 





WINDING THE THIRTY-SEVEN MILES OF WIRE ON A 5-INCH BROWN SEGMENTAL WIRE GUN, 


upon the possibilities of man- 
ufacture. 

Mr. Brown adopts the me- 
thod of building up the in- 
ternal compression tube with 
anumber of longitudinal steel 
bars or staves, and wrapping 
them together under the ten- 
sion of the steel wire. By this 
means he is able to secure a 
core having a much higher 
elastic limit than is obtaina- 
ble in an ordinary tube. 

The advantages of this sys- 
tem of making the core are 
thus stated by Lieut. G. N 
Whistler in his admirable 
theoretical discussion of the 
Brown segmental system 

1.—In consequence of the 
small weight of each of the 
component parts of the gun, 
crucible steel can be used 
economically. 2.—The small 
size of the segments, and the 
ingot from which they are 
rolled, admit of their being 
earefully cast and uniformly 
forged, so as to insure uni 
formity of metal, and of their 
being thoroughly annealed. 
8.—As they can be readily 
rolled into shape, the method 
of construction is exceedingly 
economical. 4.—They can be 
thoroughly and conveniently 
inspected. 5.—The size and 
thinness of each segment in- 
sures a thorough and uniform 
tempering and annealing, if 
temper be considered desira- 
ble. 6.—The size of the seg- 
ments admits of readily set- 
ting up conditions of special 
elasticity by cold work. 
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This last feature is by far the most important one in 
this system of construction, as it renders it possible to 
use a character of steel far beyond anything heretofore 


employed in the core of a gun. 
whose bars or shoes have been hardened, annealed and 
cold drawn could 
readily be wound so 
as to produce a com- 
pression bet ween the 
segments of 112,000 


The core of such a gun 





controlled by thumbsecrews. The two sets of rollers 
are geared to two brake wheels, which are seen above 
and below the car. The upper brake wheel has a fix- 
ed brake. The lower brake is automatic in its action 
and is controlled by the position of the car. From the 


Length +5 Cahbres. Weight 30 Tons. 
Scale és full size. 





The wire used in the construction of the 10-inch gun 
has a total length of 75 miles. 

The high quality of stee: which it is possible to 
use in the segmental wire gun is evident from the offi- 
cial tests of the metal put into the 5-inch gun of this 
type. The segments 
showed an_ elastic 
limit 126,000 pounds 
per square inch and 
an ultimate strength 








pounds to the square 

inch without exceed- 

ing the elastic limits 

of the material. 

Method of Mannfac- 
ture. 

In the manufacture 
of the 10-inch Brown 
gun the production 
of the segmental core 
is the most novel fea- 


Pressure -Tons per sq inch. 





neve of 176,000 pounds per 
gree square inch; the 
wire shows an elas- 
tic limit of 280,000 
pounds and an ulti- 
mate strength of 
262,000 pounds per 
square inch. 
Comparison of Wire- 
wound with Hoop- 
ed Gun. 
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ture. The segments, i we 
which are made from .= our readers’ atten- 
open hearth steel, are Hh we tion, bearing these 
cold-drawn and are — — Travel of Projectile, 258 tnchen H we = figures in mind, to 
tapered and beveled . _— - : the aeccompanyin 
inthe working. This, = 2 oo WO Ow ww bee ae ie ae ee ee ae ee De eT De ee De Te Te ee Hw eben diuutanten 
is done so accurately i, curves of velocity, 
that no machining is sit a £2 a WI > au == Se : pressure and resist- 
necessary. Theyare ;«- + | | | —_o | —— | iis — AJ ance, from which it 
assembled vertically, ©--f=—7—7 7 77 7711-11 S@EBRESRRHRAE ERS nae ' oa will be seen that, 
aie amie ‘dace Sauk ie seem, ie sae ee ee ee ea ae i ae a ae) a a ee le ee ee ee) ae ee ae when using the bat- 


with the large ends 
down, in much the 
same way as a cooper 
assembles a barrel. 


WIRE GUN. 


and are temporarily held together with three-part|rear of the car a set of wires passes over the pulley 


clamps placed one foot apart. 


The core is put in a| which is seen suspended between the vertical frames, 


lathe, the two ends are machined, and the breech and | and down to a bracket which carries a certain amount 


muzzle nuts are shrunk on. The lathe is then set at 
the taper of the finished gun, and the outside of the 
core is turned down from nothing at the breech nut to 
a depth equal to the thickness of the wire, at 12 
inches from said nut. Here the operation is again 
repeated for another 12 inches, and so on until the 
muzzle nut is reached. The steel wire is } of an inch 
square in section, with a sectional area of 7; of an inch. 
After the wire has eo” , 
been wound on, the 
gun is bored out, 
heated internally by 
gas, and shrank onto 
a thin steel liner. 
The chase jacket 
is shrunk on in two- 
foot sections. The 
trunnion jacket is 
interlocked at the 
breech end by shrink- 
ing on, and fits with 
a slip-joint over the 
chase. The breech 
closure is screwed in- 
to the projecting end 
of the jacket, and the 
trunnion ring is 
screwed on over the 
front end of the 
same jacket, as 
shown, so that the 
recoil of the gun is 
taken up directly by 
the jacket and trans- 
















of dead weight. The winding is started with the 
weight resting on the floor. The handwheel on the 
brake is then turned until the weight is raised, when the 
tension in the wire equals the weight. As the car 
travels toward the gun, the brake wheel is released by 
an automatic gear, and the car soon finds a position 
of equilibrium. The brakes are kept cool by the water 
ipes shown in th 
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Sections one foot from breech 
and one foot from muzzle. 


DIAGRAM SHOWING CURVES OF PRESSURE, VELOCITY AND RESISTANCE OF THE 10-INCH BROWN SEGMENTAL 














tering charge, which 
gives the enormous 
velocity of 8,000 feet 
per second, the curve of powder pressure is never be- 
yond 60 per cent of the elastic strength of the gun. If 
the segmental wire gun has the necessary endurance— 
and the army trials at Sandy Hook demonstrate that 
it has—its superiority over the hooped system of con- 
struction is obvious, and explains why the English 
navy has adopted the Armstrong wire gun as its 
standard weapon. For with the higher velocities of 
which the wire-wound gun is capable, the energy of 
the projectile per ton weight of the gun is enormously 
increased, with the result that of twoships of equal size, 


ie See 1 earrying the same 
ee ee vec " 





total weight of guns, 
the ship armed with 
the segmental wire 





gun will have an 
enormous superiori 
ty of fire. For the 


saine weight it can 
carry more weapons 
of equal power, or 
the same number of 
weapons of greater 
power. 

This can best be 
shown by a compari- 
son of the naval 10- 
inch gun, Mark II, 
of 28 tons weight, 
and the Brown 10 
inch gun of 30 tons 
weight which is now 
being built. The 
hooped navy gun 
has a muzzle energy 
of 15,285 foot-tons, 
whereas the Brown 
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ferred by the trun- ! ' j Vi Semebepmat pe spt | | gun, which is only 2 

nions to the gun ear- oe. | BxteriorDiameter of Wire Jacket tapers 0°37 to eachfoot.; '.—-—--/6°s#.—.—.— J ; tons heavier, will 

riage. ' 4 j | -ExdernorDiameter of Segmental Core tapers 0-23 toeach foot. wana. .: om mead : have 37,800 foot-tons 

: - ; ore aw eae ee ad “mn ne = - . x . 

The winding of the i i Sees Mees al ! j energy, which, be it 

wire at a constant Se EE eee pete 4 <tet ae, | said, is over 4,000 foot 

tension is done by Moe a a ae ee IGT ee ed tons tiger Sogn 

theingenious ma- * ~~ “ge ITZ gn WRELZZZZZLEZEE. energy of the 13-inch 

; fs LZ Z kel LL . > in 

chine shown in the Larger v3 = Zz: ZZ Tranmion = Latte hooped gun now in 
ri “ot: Qs NE= a sss service 
engraving. It con- ; j ' ht QE = Ew tS ; 

. . Busha Nut ~—— = re ot a ‘ 
sistsof astout frame, {| | 3  . i) Nz 5 ke —— Of course there are 
bolted to the lathe * ;!j Fr Ve V/ i pbubiabide Ahd)) UY yp pyr pyprrwsvypevemM ff th pp y other questions be- 

i ichis 133° Yff, J p fp 4 AIM Z Segmental Core. 7 Up Vj Segmental Core. ZY iif 4, sides that of power 
carriage, whichis : ; ‘4; :|j/ YU SLi le be ccthlibdde VIM LM bez hihea hilt), ; ’ 
provided withalarge |; ! ql) Sei seer cA aoe hiath de Cine = _—SSSSS eee S and handiness which 
overhead spool to | | Re iH! i i ij ee, PREM pit . will have to be con- 
earry the wire,anda '! : I j | iil iil}-|-!- i ae —4- a ee ——-F=—- este 7 sidered, chief among 
small ear which runs Boone Lib iid KI a wien i ia cappsamhheede i ¢¢"--— which is that of en- 

= ae = s ied . . 
on a track at right Tle? ’ | /s 2 ae Se eo 4 lie tenis ns ecees Mine tn ind hale aien eens Sa Seep aye cadet durance. The latter 
angles to the axisof { ; ! ; | |/Iif ; i ee j | nies can only be deter- 
the gun. Upon the | , I om | i | 5 3 SPP Hyp» SSS SSS mined by a prolonged 
* ‘ : y, ,, pttttthMhl te Vij phpbb 4 "VA tht ht hs ; > 
eararejournaledtwo | . Py C, bf If Yi pp hf J WY Z sy. “Vif Yj series of tests such as 
setsofadjustable |!) '4 V4 /4 Yj, Ld LiL hhh hdd ddd hd hdddedocdddhoh Likdddda the Ordnance Board 
steel rollers, between j '1 ~" = SaaS SSS is about to under- 
which the wire passes | 1! = SSS aaa = take. But if the seg- 
and by means of | +*~= Z i. mental wire gun 
which the necessary 4 ' i ; ' ‘ should develop no 
. . ta pe : ' i C j j 
tension is given to the ; 3 pos | res : ' . ' minor defects, it is 
wire as it passes to sia —-6" + —s gg i ' j 1 . certain that its enor- 
a a . : ' ‘ : 
the gun. The pres- ee i . oa Ne , sie mous power in pro 
sure between the roll- a ee ena iv. — ME eens am =----—- Be oun se meee ane ey ---- ‘ y portion to its weight 


ers is regulated by 
means of coil springs, 


FOR THE GOVERNMENT, 


LONGITUDINAL AND CROSS SECTIONS OF THE 10-INCH BROWN SEGMENTAL WIRE GUN UNDER CONSTRUCTION 


will place it far in 
advance of the pres- 
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ent style of gun his is evident from a further com 
parison of the proposed gun with the standard 13-inch 


gun of the service. 


, Si | 
Rtyle of Gun Caliber. | Weight | Velocity. Energy. 
| 
Hooped 13-it 60'S tons | 2,100 foot sec. }83,627 foot tons 
Segmental! wir 10 ov P Suan 7] Buo os 


Such figures as these speak for themselves, and further 
comment would seem to be superfluous ; but we would 
point out in closing that by adopting the wire gun the 
“Indiana,” without reduciag the energy per round of 
her main battery, would be able to put half of its pres- 
ent weight into larger coal supply, or higher speed, or 
better accommodation for her crew, and at the same 
time greatly increase the number of rounds which she 
could deliver in a giver time. If the system were ap 
plied to her 8-inch and 6-inch batteries, there would be 
a proportionate decrease in weight and increase in 
efficiency 

Limits of space prevent any further discussion of this 
very live question Enough has been said to show 
that the government is fully justified in its determina- 
tion to build a gun of large caliber and give it a thor- 
ough test It is not enough to say that our hooped 
guns are the best of their kind; we must have the best 
of any kind, and if the performance of the segmental 
wire gun is in every way satisfactory, we cannot too 
s00n adopt it as the service weapon for both army and 


DAVY. 
—> < o> a a 


HEAVY RAPID-FIRE GUNS. 
OTHER things being equal, the efficiency of a gun is 
determined by the rapidity with which it can be fired. 


Given two guns of the same caliber 
(say 65-inch), whose projectiles have the 
sale penetrating power, and their rela 
tive value, whether on shipboard or 
in the field, will depend upon the 
number of aimed shells which in a 
giver time they can hurl at the ene- 


my. The most remarkable improve- 





ment in ordnance during the past ten 
or a dozen years is the really astonish- 
ing rapidity with which the latest 
guos of 8 inches caliber and less can 
be fired as compared with the same 
ealibered weapons of the preceding 
decade Proof of this is to be found 
in the ships of our own Ravy, where 
the old slow-firers and the new rapid 
fire guns are both to be found install- 
ed. The 5-inch slow-firers of the * Bal- 
timore” or the **Oregon” are doing 
good work if they deliver one aimed 
shot a minute, whereas the new 6-inch 
rapid-firers of the ** Alabama” will be 
capable of putting in six aimed shots 
in the same time, always supposing 
that the ammunition is supplied from 
the magazines fast enough to keep the 
gun going. Now, in the fiercest fifteen 
or twenty u utes of an engagement, 
in which the tide of vietory will begin 
to turn to one side or the other, a sin 
gle rapid-fire 6-inch gun on one side 
vill be equ il in its destruetive power to 
any half-dozen 6-inch slow-firers on the 
other side lowever, while this is per- 
fectly true as regards the mere offen- 
give powers of the gun itself, it must 


























A 6-INCH RAPID-FIRE ARMSTRONG GUN ON THE “NEW ORLEANS” AT ITS MAXIMUM ELEVATION 


FOR A RANGE OF SIX 








be borne in mind that the six separate 
slow-fire guns would each have its own 
gun crew, and the chance of disable- 
ment through destruction of the crews 
would be proportionately diminished. 
Origin of the Rapid-fire Gun. 

We owe the inception of the rapid- 
fire gun to the torpedo boat. When 
Thornycroft and Yarrow began to 
turn out these swift and deadly little 
craft, a veritable panic fell upon the 
naval authorities of the world. It was 
realized that some method of repelling 
their attack must be found, and found 
quickly, To test the ability of torpedo 
boat attack, the British Adwiralty at 
one time organized a raid by nine tor- 
pedo boats from the island of Guern- 
sey against a fleet of twenty-four war- 
ships, anchored inside the Plymouth 
breakwater. The distance across the 
channel to be covered by the torpedo 
boats was 100 miles, and the attack, 
which was expected, was made in two 
divisions, the first at 2 A. M. and the 
second two hours later. The result 
was that four of the fleet were torpe- 
doed, and the relative dawage to 
either side, even if it was assumed that 
every torpedo boat was sunk, was that, 
for a loss of nine torpedo boats, valued 





6-INCH RAPID-FIRE ARMSTRONG GUN ON THE UNITED STATES SHIP “NEW ORLEANS ”— 
7 : BREECH OPEN, SHOWING 


Weight of gun, 76 tons; weight of shell, 100 pounds; weight of powder, 1914 pounds of cordite; muzzle velocity, 2,642 


feet per second ; muzzle penetration, 21 inches iron ; number of aimed shots per minute, 6. 
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: ; lr : , les , 
at $900,000, and 163 men, the attack destroyed taco} The shells weighed 6 pounds or less. These weapons | tions had to be performed : (1) unlock breech ; (2) with- 
battleships and one cruiser, valued at $12,200,000, and! have maintained their position among the multiplied | draw breech ; (3) move it aside; (4) return the gun to 
| . . " 
elements of war material as, par excellence, the defence | battery, i. e., to its position at the forward end of the 


2,302 men. 


At the time when torpedo boats first began to be! of the warship against the torpedo. 
built, there was no weapon carried on a warship that| these important weapons in the succeeding chapter. 


could make 
sure of sinking 
these craft be- 
fore they could 
eome within 
torpedo range. 
As the heavy 
breech -loading 
rifles took from 
three to five 
minutes to 
load and _ fire, 
the chances of 
their hitting a 
small and 
swiftly moving 
mark were re 
mote, and al- 
though the 
speed of fire of 
the Hotchkiss 
revolving can 
non of that day 
was high, its 
penetrating 
power Was not 
sufficient to 
disable a tor 
pedo poat ex 


cept at close 
range. The 


French govern 
ment, in 1880, 
requested 
Hotchkiss to 
construct a 
special gun for 
stopping tor- 
pedo boat at- 


tack, and he complied 
fire weapon, which discharged a 2'¢-pound shell. 
the following year the English Admiralty invited sev- 
submit 6-pounder guns to test. 
weapons were to be effective up to 4,000 yards and 


eral firms to 


have a muzzle velocity of 1,800 foot-seconds. 


munition was to be “fixed,” that is to say, charge, 
shell and primer were to be put up in a metallic cart 
ridge case, as in the small-arms rifle. The recoil was 


to be automatically controlled and the gun returned to/ ing can be performed. 


the firing position 
after recoil; the 
mount, moreover, 
was to allow of an 
all-round fire. A 
light shield, suffi- 
cient to stop rifle 
bullets at 100 
yards, was to be 
attached to the 
gun, The French 
government also 
invited the con- 
struction of a 3- 
pounder rapid-fire 
gun, which must 
penetrate 5g-inch 
steel plates 30° to 
the normal at 2,624 
yards range, and 
be capable of fir- 
ing 12 aimed and 
25 unaimed shots 
per minute. 
Hotchkiss entered 
both competitions 
and was successful 
in each. From 
that time on the 
name of this fam 
ous maker has 
been closely iden- 
tified with the de- 
velopment of ra- 
pid-tire guns, par- 
ticularly in the 
smaller calibers. 
We see, then, 
that the rapid-fire 
gun was built to 
meet the demand 
of the navy for a 
gun which should 
have great range 
and penetration, 


by building a continuous-| 


6-INCH NAVAL RAPID-FIRE GUN WITH FLE 
Weight of gun, 6 tons; weight of shell, 100 pounds; weight of charge, 47 pounds; 


We shall treat of| gun carriage ; 


burned residue of the powder; (6) 
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TCHER BREECH MECHANISM. 


muzzle velocity, 2,150 feet per second; * muzzle 


penetration, 15°4 inches iron; number of aimed shots per minute, 6. 


The obvious advantages of rapid-fire in the smaller 
In | weapons led the manufacturers of ordnance to attempt 
its application to the heavier rifles of 4, 5 and 6-inch| springs that are compressed by the recoil at once re 
The | caliber, and they have met with such success that the Operation 
secondary 5 and 6-inch batteries in some modern vessels| with and operations 6,7 and 11 thrown into one by 


single sweep of a lever. 





turn the gun to battery. 


(5) sponge the gun to remove the un 


insert the shell 
(7) insert the 
powder cl arge: 
(8) swing the 
breech- block 
in front of 
breech ; (9) in 
sert it; (10) lock 
the breeeh 
block ; (11) in 
sert primer; 
(12) remove 
gun crew out 
of the way of 
Here 
we have a dor 


recoil, 


en distinct ep 
erations, not to 
mention the 
laying of the 
gun, which 
was necessary 
after each re 
coil—t he sights 
being earried 
on the gun it- 
self 

Now in the 
rapid-fire gun 
these opera- 
tions are re 
duced as fol- 
lows: By an 
extremely in 
genious design 
of the breech 
mechanism, 
operations 1, 
2 3 are car 


ried out by a 


Operation t is earried out 
automatically by the use of recoil cylinders, in which 


5 is dispensed 


The am-| really constitute the most formidable element of the| using “fixed ammunition,” in which the shell and 
charge are put upin a metallic cartridge-case with a 


ship’s strength. 

The speed of the present rapid-fire guns results from 
the celerity with which the work of loading and sight- 
In one complete round of the! swung into line, inserted and locked 


primer in the base, 





Weight of gun. 3°1 tons; 


5-INCH KAPID-FIRE GUN 
shell, 50 pounds; 


charge, 30 pounds ; 
iron ; number of aimed shots per minute, 10. 


ON FLETCHER 


MOUNT. 


muzzle velocity, 2,300 feet ; muzzle penetration,* 13°2 inches 


Operations 8, 9 and 10 are ecombin 


ed by the breech mechanism, the breech-block being 


with one sweep of 
the lever across 
the breech, and as 
the gun alone re 
coils, the carriage. 


sights, elevating 
and traversing 
ge ar remaining 


stationary 
tion number 12 is 


opera 


unnecessary and 
the delay incident 
to it is 
We thus find that 
the twelve opera 


avoided 


tions involved in 
the slow-fire gun 
are reduced to 
three 
in the rapid-fire. 
Moreover, in the 
slow-fire 
much time was 


operations 


weapon 


consumed in 
laying the gun, as 
the gunner could 
not get in his 
work until it had 
been returned to 
battery (the firing 
position), whereas 
in the 
type this delay is 
avoided by plac 
ing the sights on 
the gun carriage 
(which 
recoil) and placing 
the gun in asleev« 
in which it is free 
to recoil without 
disturbing the 


rapid-fire 


does not 


sights. 
Armstrong Rapid 
fire Gun, 


Of rapid-fire 


be capable of quick training on a swiftly moving object, | obsolete slow-firing type the following separate opera-| guns, it may be said that their name is legion, and 


and should be capable of discharging a great number | 
of projectiles in a few moments of critical work. 





The | 


original rapid-firers were, as we have seen, of small size. | increased. 





* With smokeless powder, the velocity and penetration could be greatly 
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with the advance which is being 


| modifications and improvements are following each 
other so rapidly that it is not easy to keep touch 
have 


made, We 
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for 


types which, in the 


description the three 
larger sizes of 


chosen 


rapid-fire guns, are best known in 
urarmy and navy—the Armstrong, 
Dashiell Fletcher. Although 
the first-named is one of the pioneer 


and 


ypes of heavy rapid-firers and was 
the first to be extensively employed 


in the armament of warships (the 


‘Piemonte,” built a decade ago for 
the Italian navy by Armstrong, 
being the first warship to carry 


heavy rapid-firers as her secondary 


irimament), we owe our practical 
wquaintance with this weapon to 
war, 
Among material recently 


urchased in Europe was a number 


the exigencies of the present 


the war 


#7-inch rapid-fire Armstrong 
guns for coast-defence work (guard- 
ing mine fields, ete.) and the two 
cruisers New Orleans” and her 


imate, which were constructed at the 
Elswick Works and carry the Arm- 


strong weapon. We present three 


views of the 6-inch rapid-fire guns 
of the *‘ New Orleans.” As this ship 


of the builder's 
hands, her guns represent the very 


the Arm- 


is only out 


just 
latest lLoprovements in 
strong rapid -firer 

he characteristic feature of this 
the 


breech mechanism 


Weight of gun, 1°5 tons; 











4INCH RAPID-FIRE GUN WITH DASHIELL BREECH MECHANISM. 


shell, 33 pounds; charge, 14 pounds; muzzle velocity, 2,000 
feet ; muzzle penetration, 9°8 inches iron ; aimed shots per minute, 15. 


The breech serew/it is not necessary to withdraw the breech-block | Orleans’ 
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angles to the rear face of the breech 
screw, and at some distance from 
its center. Suppose now that the 
breech is closed ready for firing, the 
long lever and the link lie close 
against the breech screw, the slid 
ing block being pushed to the limit 
of its stroke in the guide in the 
carrier. To open the breech the 
lever is pulled steadily backward 
from the gun, just as if the breech 
were closed by a simple valve or 
door. This action puts a tension 
on the link, which in consequence 
draws the slide block toward the 
carrier hinge, and this movement 
must evidently cause the breech- 
block to receive a partial rotation 
through the medium of the pin in 
its face fitting into the block. The 
continuation of this movement of 
the hand lever after the unlocking 
action is complete causes the whole 
carrier to swing on its hinge, bring- 
ing the breech-block out with it. 
The small tray seen just in front of 
the open breech is a brass guide 
piece, which automatically rises to 
protect the thread from being 
bruised by the shell when the 
cartridge is thrust into the breech. 

The 6-inch gun of the “New 
’ is carried in a trunnion sleeve or seating, 


run bs 

is made on the interrupted screw principle, a part! before swinging it clear of the breech, the taper on | in which it slides. It is held in the forward or 

of a turn being sufficient to unlock it But it) the block allowing it to swing around directly from | loading position by coil springs, inclosed in two 

differs from the serews of other makers in having|its seat in the breech-box. The breech-mechanism | cylinders which form part of the seating. Attached 

its front half steeply tapered, the interruptions on | consists of a strong bronze carrier hinged to the right|to the gun are two pistons which travel in the 

this part coming opposite the full thread on the|sideof the breech ring. It supports, on a large spigot | cylinders, the latter being filled with glycerine and 
Rotating round! water. When the gun is fired, it slides back in 


parallel part; the pressure is thus very much more 


evenly distributed round the gun than in the case 


Moreover, in opening the breech 


of a parailel screw. 





Breech Closed. 





Breech-Block Rotated and Withdrawn 





| formed on its face, the breech screw. 
the carrier hinge pin as a fulerum is a long curved 


lever, which passes right across the breech of the gun | 
when closed, and terminates in a handle. Attached at 
a point along this lever is a link, the other end of 
which is hinged to a block sliding in a guide cut in the 
carrier. 


THE DASHIELL BREECH MECHANISM. 
18810 


Into this block fits a pin, secured at right’ 


the sleeve, carrying the pistons with it, and the re- 
coil is checked by the coil springs and by the resistance 
set up by the liquid in traveling through the pis- 
tons, the passage of the fluid being throttled by a 
gradually closing valve. After the gun has made its 
full recoil it is returned automatically to the loading 





Parts Disassembled. 





Breech Open and Empty Cartridge Case Started Out by Extractor. 
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position by the action of the coil springs, 
which are, of course, compressed during 
the recoil. The gun and the gun crew 
are completely protected on the front, 
sides, and overhead by a Harvey steel 
shield, which is 4 inches in thickness in 
front of the gun. The shield comes down 
close to the deck, and, as it is bolted to 
the carriage and rotates with it, the crew 
are safe from machine gun bullets and 
the lighter rapid-fire shells. The sights, 
of which there are two separate sets, one 
on each side of the gun, as shown, are 
attached to the trunnion sleeve and are 
not affected by the recoil. The gun is 
carefully balanced upon a conical mount, 
which is firmly bolted down to the fram- 
ing of the deck. It rotates on a race of 
steel rollers, and the balance, when it is 
in the loading position, is so perfect that 
the whole piece, weighing over 74¢ tons, 
can be moved with a very slight pres- 
sure. Attached to the left hand side of 
the carriage and swinging with the gun 
is a viatform, upon which the gunner 
stands. A similar platform is hung from 
the right hand side of the carriage and in 
line with the right hand sights. Just in 
front of the gunner are two hand wheels, 
one vertical, one horizontal, for training 
and elevating the piece. In front of the 
platform is stowed away a small electric 


battery from which wires lead to the breech-block for 
igniting the charge. This is done by the gunner press- 


ing a small rubber air-bulb. 


‘It is possible that the murderous hail of bullets from 
an enemy’s machine-guns may find its way through the 
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DASHIELL BREECH MECHANISM—BREECH-BLOCK ROTATED BY PARTIAL STROKE 


rapid-fire guns, is called after its designer R. B. Dashiell, 
of the United States navy. 


breech plug and box are cylindrical. 


OF LEVER. 





The breech closure is 


open slots in the shield and carry away the sights. If| ported when withdrawn on a hinged tray and collar 


this should happen, the gun could 
be given the proper elevation by 
means of the graduated elevating 
are, which can be seen to the right 
of the gunner. On the inside of 
the shield to his left is a table giving 
elevation for various distances, and 
from this he can read off the num- 
ber corresponding on the are to the 
distance of the enemy’s ship. 

The reader will see from this de- 
scription that when it is once laid 
on the object, the successive firing 
of the gun will not in the least 
disturb the elevation or traverse, 
the gun simply recoiling and re- 
turning to battery on its own axial 
line. The gunner is provided with 
a shoulder rest, answering to the 
butt-plate in a rifle. He takes his 
stand on the platform with his 
shoulder against the rest, his hands 
on the elevating and traverse 
wheels and his eye at the sights, as 
shown in the center illustration, 
page 12, and the mechanism is so 
perfect and the gun so responsive 
that the big 7'¢-ton rifle can be 
swung around, and raised or low- 
ered with something of the speed 
and ease of a small-arms rifle. 
The operations of loading do not 


concern the gunner, who simply has to keep the gun on 
the object and press the electric firing bulb every eight 
or ten seconds, or as often as the gun is loaded. 

One of our views shows the gun at its maximum ele- 
vation, corresponding to a range of six miles. 
not the maximum range of the gun, for, with 45° ele- 
vation, it could throw a shell some nine or ten miles, 


It is for the reason 
that guus can only 
be given a limited 
elevation on ship- 
board that the possi- 
bility of long range 
bombardment is very 
remote in the case of 
most of our seacoast 
cities. The 11, 12 and 
134¢-inch guns of for- 
eign navies are not 
capable of nearly as 


DETAILS OF FLETCHER 





| gun, 


This is 





plug. 





of suitable shape. 


A curved translating arm of bell-crank lever form is 
pivoted on the tray at one end. A vertical toe at the 
other end engages an undercut score in the breech 
When this lever swings on its pivot, the plug, 


All operating mechanism is carried 
on the tray casting, except the trigger, which is on the 








great an elevation as 
the gun herewith 
illustrated, and their 
bombarding range 
would be proportion. 
ately limited. 


Dashiell Rapid-fire 
Gun. 


The well known 
Dashiell breech me- 
chanism, which is in 
extensive and very 
successful use on our 











RAPID-FIRE BREECH MECHANISM. 
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of the translating arm. 
quently swing together, and the plugis withdrawn on 
on the slotted or interrupted screw system, but, un- | the tray and swung to one side clear for loading. As 
like the Armstrong mechanism, just described, the | the plug comes out, a groove, cut in its threaded lower 
The plug is sup- | segment, passes over the central tooth of the rack, 


if unlocked, will be withdrawn from or 
entered into the breech. 

In the elbow of this arm is pivoted a 
horizontal cogged segment, formed in one 
piece, with a long lever ending in a verti- 
eal handle or grip. A curved slot in the 
tray allows its pivot-pin to move with the 
pivot of the translating arm as a center 
during longitadinal motion of the plug 
on the tray. This cogged segment en- 
gages a series of horizontal cogs on a rack 
bar which slides in a groove in front of 
the tray. The left band end of this bar 
is provided with vertical cogs engaging 
another series on the lower part of the 
breech plug. A stop-pin on the face of 
the breech limits the travel of the rack. 
The length of the rack is such that its 
extreme right hand cog is immediately 
below the pivot-pin of the translating arm 
when the plug is unlocked. 

The usual double-acting latch is fitted 
to the tray. 

The plug being locked, a pullon the 
hand lever rotates the cogged segment, 
thus unlocking the breech plug by 
means of the rack bar described. As 
soon as the plug is unlocked the step 
pin will have checked the motion of this 
rack, and the center of motion will be 
transferred to its right hand cog, which 
is now immediately below the pivot-pin 
The arm and lever conse- 


In returning the plug to the breech two forces will 


sleeve. 








i 








s 


be at work in the mechanism—one 
to rotate the plug, the other to push 
it home. The first is checked by 
the groove in the plug engaging the 
tooth of the rack mentioned and 
pulling the plug against the tray 
rib. Only the motion of transla- 
tion can thus take place. As soon 
as it is entirely off the tray ribs 
the plug can revolve, but, being 
then home in the breech, its trans 
lating motion ceases and revolu- 
tion locks it in place. 

The extractor is a strong bar kept 
down by a mild spring. It passes 
through a hole in the plug, so as 
not to interfere with the threaded 
parts. By utilizing acertaiu amount 
of fore and aft “lost” motion the 
extractor is kept from slipping off 
the cartridge head at the same time 
that the plug, when pulled quickly 
to the rear through this “ lost” dis- 
tance, acts very powerfully as a 
hammer to extract the empty case. 
The extractor is shown in its for- 
ward or pulling position. When 
pushing a cartridge home, the ex- 
tractor hook cannot rise and catch 
until it has been pushed back, by 
the forward inmotion of the plug, to 


its rear position. It can then snap 


over the rim of the case and is ready for the blow from 
the breech plug in extraction. ) 

The firing mechanism consists of a straight firing pin 
with cone-shaped shoulder. 
it, being held to its work by a loose, spool-shaped 
A cocking lever is pivoted to the plug, its 
upper end running along a cam groove in the tray 


A spiral spring actuates 


collar, while its lower 
end is forked to en- 
gage over the spool- 
shaped sleeve of the 
firing pin. When 
unlocking, this lever 
moves the sleeve to 
the rear, cocking the 
pin on the toe of a 
horizontal sear-bar. 
When locking, t he 


‘s sleeve is given mo- 
16 tion in the opposite 

direction, which com- 
3 presses the spring, 


leaving the firing pin 
cocked. When fully 
locked, the outer 
hook of the sear en- 
gages the trigger. A 
cap over the rear end 
of firing pin prevents 
all danger from de- 
fective primers. 
It will be seen that 





FLETCHER MOUNTING FOR RAPID-FIRE GUNS. 
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the gun cannot be 
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fired uniess the mainspring is 
and the sear and 
trigger neither of 
which takes place until the 


compressed 


engaged, 


last instant of locking 

The lanyard leads forward, 
around a pulley near the trun- 
nions, if desired, so that the 
gun captain and lanyard will 
be out of the way of the gun 
servants about ihe breech, 
and the pull for firing will be 
independent of the elevation 
of the piece. 

The cut of the 4-inch gun 
at the top of page 14 shows 
the electric firing device. The 
reader will notice acylindrical 
tube extending obliquely up 
ward from the center of the 
breech-plug electric firing 
device. Within it a bar works 
back and forth, being foreed 
outward by a stiff spring. As 
the breech plug is rotated 
this rotates with it, and in the 
closing operation it is swung 
down to a horizontal position, 
and the projecting end of 
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FULLY AUTOMATIC MAXIM NAVAL GUN. FIRES SIXTY 9-POUND SHELLS PER MINUTE. 


the small bar, striking an oblique abutment piece on 


the breech, is driven inward and held so 


a gap in the electric circuit 


This closes 


By closing the circuit by 


hand the primer is caused to operate and the gun is 


discharged. But if the bree 





GOVERNMENT TRIAL OF 6-POUNDER RAPID-FIRE GUNS. 


rotated 
primer will not operate 


prevents the recurrence of 


h-plug has not been fully | A test for rapidity of fire was made before the chief of 





tight-fitting cartridge cases. These cases had to be 


“Similar exbaustive trials 
have been held with the 5- 
inch rapid-fire mechanism. 
Five rounds have been fired, 
in two instances, in 19 sec- 
onds. The charge and pro- 
jectile made up in one weigh 
95 pounds (with brown pow- 
der) and can be easily han- 
dled by one man.” 

A further improvement has 
lately been made in this me- 
chanism in which the blanks 
are cut out of the breech-box 
and breech-plug on radial 
curves struck from the hinge- 
pin as a center to permit the 
plug to be directly moved into 
or out of the breech-box with- 
out any withdrawal in the line 
of the axis of the gun. 

The Fletcher Rapid-fire Gun. 

In the chapter on the con- 
struction of heavy breech- 
loading guns we have already 
referred to the Fletcher breech 
mechanism and mounting as 
applied to the 13-inch naval 
gun, and noted the fact that 


it had reduced the time of opening the breech to 8°72 


hammered into the gun, and were selected for the pur- | seconds, and the whole time for a singie round of the 


pose of testing the extractor. 
“There has been no failure in the action of any part. 


gun to 1 minute and 47 seconds. 
cellent work which he has done in facilitating the hand- 
ling of heavy gurs, Fletcher bas designed some admira- 


In addition to the ex- 

















se 
net. Bia 
a — 
_ mre ad - , 
~ ~ 
tear _ 
oy 
3 Fe 
eee gee 
+ Gee 1 , mgs Led Be 
MS : 25 ve 





a tib— u0KCnaiss—Driggs-Scurocucr. 


the bar will not be foreed in and the electric 
This ingenious device entirely 
those terrible accidents 


which have at times occurred through the premature fir- 


ing of rapid-fire guns before the 


breech was fully closed. 


As to the speed of fire and durability of the Dashiell 


gun, it is sufficient 
from a 
report of the chief 
of the Burean of 
Ordnance upon a 
severe test of a4 
inch gun of the 
type now doing 


to quote 


good service as 
the main arma 
of our later 
gunboats and as 
the secondary 
battery of 


ment 


such 
ships as the 
“New York” and 
* Colurobia. 

** The 
adopted 
mechanisms for 


recently 
breech 


rapid-fire guns of 
4, 5and 6-inch cal 


ibers have been 
put to a most 
thorough test, 
with both good 
and defective am 
munition. Four- 
inch gun No. il 
was fired 248 


times. The me- 
chanism was 
worked about 
8,000 times with 


HOTCHKISS 6-POUNDER. 


DRIGGS-SCHROEDER GUN FIRING 83 SHOTS IN 3 MINUTES, 


bureau and bureau officers. Five rounds were fired in; ble mountings and breech mechanism for the heavier 


seventeen seconds, using experimental cases. 


Since | class of rapid-fire rifles, which have taken their place 


then, on two occasions, five rounds have been fired in| asthe standard types for many of the navy weapons. 


fourteen seconds. 


On the second trial, the gun was|On page 13 we show illustrations of the naval 5 


laid at 10° elevation, and all five projectiles were in the | and 6-inch rapid-fire guns with this type of breech and 


air together. 


mounting, and detached sectional views will be found 


on page 15. The 








SPEED OF FIRE IN TEST BY GOVERNMENT BOARD, 28 SHOTS PER MINUTE. 
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same system is 
shown on page 18 
applied to the 3- 
inch field gun, 
which is used for 
such landings as 
have recently 
been made by 
our marines on 
the coast of Cuba. 

The Fletcher 
breec h-mechan- 
ism has the dis- 
tinction of being 
applied to the 
first 6-inch rapid- 
fire guns to be in- 
stalled on our new 
battleships. It 
will be fitted to 
the 6-inch bat- 
teries of the **Ala- 
bama,” ‘** Wiscon- 
sin” and “ Illi- 
nois,” and to those 
of the three ships 
recently authoriz- 
ed by Congress. 
It is also used on 
the latest pat- 
terns of the naval 
4and 65-inch rapid- 
firers. 
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In connection with the following description the 
reader is referred to the engraving on page 15. The 
breech-mechanism is of the interrupted-screw type, 
with four threaded portions and four blanks. A rack 
with teeth at 45° to the axis of the plug is cut par- 
tially around its cireumference in rear of the thread- 
ed portion. A carrier-ring, hinged upon the same pin 
on which the operating lever turns, is cut on its inner 
circumference with blanks and raised portions to allow 





of the standard mounts used for the larger rapid- 
fre guns in our service: The foundation of the 
mount (see diagrams on page 15) is a hollow steel pivot- 
stand (1) which is seenrely bolted to the platform or 
deck. The top is machined to forin a path for a num- 
ber of conical steel rollers (3). Just below the rollers is 
a circular training are (6). The pivot socket is fitted 
at top and bottom with bronze bushings, 4and5. The 
top carriage is a steel casting in the form of a yoke, 
provided with trunnion seats 
in the brackets and terminat- 
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HOTCHKISS RAPID-FIRE BREECH-MECHANISM. 


the plug to move forward and back in it. The carrier- 
ring is slotted through radially in the upper left quad- 
rant to receive a locking device, which locks the carrier- 
ring to the gun when it is swung to, and locks the plug 
in the carrier-ring when the former is withdrawn. 
The operating lever has a vertical grasp at its end and 
pivots on the hinge-pin on the right side of the breech. 
The rear surface of the lever at the hinge-pin is shaped 
to act as a cam on one end of a small extracting lever, 
the other end of which catches the ring of the empty 
cartridge case and starts it from 
its seat in the gun. The front 
right-hand surface of the lever is 











KS ing in a stout vertical coned 
> . pivot (8). The carriage ro- 
i> tates on, and is carried by, 

the steel rollers (3), and the 


vertical cone rotates freely in 

[pal (<q) 13 the bushings, 4 and 5. At 
F the bottom of the coned pivot 
1. a large nut serves to keep 
the carriage down in place 
and take up any slack in the 
adjustment. The gun is car- 
ried in a slide (13). On each 
side of the slide are formed the 
trunnions, and below it are 
two recoil cylinders (15), the 
slide, trunnions and cylinders 
being cast in one piece. The left side of the slide is pro- 
longed to the rear to carry an elevating arc, 14, and an 
arm on the left side of the top carriage carries an ele- 
vating shaft and a worm (9). The training-are (6) is 
engaged by a worm which is held on a_ horizontal 
training-shaft (12). The training-shaft works in bear- 
ings on the lower edge of the top carriage, and has a 
large hand training-wheel on each end. The mount per- 
mits of an all-round train of the gun. The piston rods 





of the recoil cylinders extend through special stuffing- 


TARGET 3000 YAROS FROM GUN 


instant of firing, the elevating worm (9) is keyed to the 
shaft by feathers, which permit the worm to move ver- 
tically, but prevent any rotation. Beneath the worm 
is a coiled spring (26). The worm is depressed when 
the gun is fired, but is returned by the spring to the 
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previous elevation as the gun returns to the loading 
position. It is this return of the rapid-fire gun to the 
exact position in which it was laid before firing that 
constitutes the most valuable feature of the rapid-fire 
system. The old slow-fire weapon, with its sights car- 





ried upon the gun itself, required resighting carefully 
after each discharge; whereas in the 
new type, the gunner can hold the 





gun permanentiy upon the mark, 








shaped into a segment of a circle 





and cut with five teeth to fit the 
circumferential rack-teeth on the 
plug, and four teeth of the same 
section as the threads on the plug. 
The action of the mechanism is as 
follows: The breech-block being 
closed and locked, the rear tooth on 
the lever is engaged with the lower 
tooth of the circumferential rack 














on the breeech-block, and the ex- 
traction claw is under the rim of 
the eartridge-case. The lever is 
swung to the right through an an- 
gle of about 60°, thereby succes- 
sively engaging its teeth with those 
of the rack on the breech-block 
and causing the latter to rotate 45° 
to the left, disengaging its teeth 
from those in the breech-box and 
leaving it free to be withdrawn. At this moment a 
locking-bolt prevents any further rotation. At the 
same instant the withdrawing-teeth on the lever begin 
to successively engage the threads of the breech-block 
and cause the latter to move to the rear through the car- 
rier-ring. The further movement of the lever through 
44° completes the withdrawal of the breech-block, locks 
it to the carrier-ring, and swings them both clear of the 
breech. During the last part of their motion, the cam- 
shaped rear face of the 
lever causes the extractor 
to start the empty car- 
tridge case, slowly at first 
and then with great force, 
loosening it sothat it can 
be easily withdrawn by 
hand. The electric firing 
device is similar in its op- 
eration to that described 
on the Dashiell mechan- 
ism, and full protection is 
assured against the prema- 
ture discharge of the gun 
before the breech is closed. 
Pedestal Mounts for Heavy 
Rapid-fire Guns. 

It is a curious fact that 
in the endeavor to produce 
a perfect rapid-fire gun of 
the larger type which we 
are now considering, more 
attention has been paid by 
inventors to the breech- 
mechanism than to any 
other feature of the gun, 
although, as a matter of 
fact, the improved mount- 
ing, sights, elevating and 
traversing mechanism 
have contributed as much, 
if not more, to speed of fire 
than the breech gear. The 
following is a description 
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seconds, from a 5-inch gun in 20 
seconds and from a 6-inch gun in 
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TARGET RESULTS IN OFFICIAL TEST OF HOTCHKISS) 6 POUNDER. 


boxes at the rear ends, and pass through a heavy steel 
yoke (60) which is shrunk on the breech of the gun. 
At the rear of the pistons in each cylinder are three 
coil springs, which act with the glycerine and water to 
resist the recoil. The springs return the gun to the 
loading position after firing. Buffer springs (17) are 
interposed between the yoke and the rear ends of the 
recoil cylinders. 

To provide for the downward shock of the gun at the 
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50 seconds. The actual speed of 
fire, taking careful aim, would be 
somewhat Jessin the 4 and 5-inch 
6°70 guns, but the figures given under 
our accompanying illustrations are 
quite within the powers of a first- 
class gun detachment. 
Application of Rapid-fire Mechanism 
Ito the Heavy Breech-loading Rifles. 
At present rapid-fire mechanism 
is only applied in the United States to guns of 6-inch 
ealiber and under. The question of using it on guns 
of 8 to 12-inch caliber is suggested by the fact that 
very successful 8-inch rapid-firers have been con- 
structed by some foreign builders. On account of the 
increase in size and weight of the ammunition, it is, of 
course, impossible to secure the extreme rapidity of 
fire obtained in the smaller guns; but the increase in 
speed is, pro rata, equally remarkable, 

Armstrong is mounting 
as the main armament of 
the fast cruisers, such as 
the “Esmeralda” and the 
“O'Higgins,” which he is 
constantly building for 
South American republics, 
an 8-inch rapid-fire gun 
which has shown remarka- 
ble results as to power and 
speed. ‘The general fea- 
tures of the mounting and 
breech mechanism of this 
gun are the same as those 
of the 6-inch guns, already 
described, of the ‘New Or- 
leans.” The ammunition, 
however, on account of its 
weight, is not put upina 
single cartridge case, the 
shell and the powder being 
placed in the gun separ- 
ately for convenience. 
Nevertheless, in the official 
test of the ‘‘ Blanco Enea- 
lada,” built for the Chilean 
government, four rounds 
were fired from an 8-inch 
gun in 62 seconds, the am- 
munition being supplied 
from the magazines. 

It is best to look facts 
squarely in the face, and 
there is little comfort in the 
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thought that, should the * Brooklyn” and the Chilean | 
** Blanco Encalada” ever meet in battle, the latter could | 
deiiver as many shells freia her two 8-inch quick-firers 
as the “ Brooklyn” could from her eight 8-inch slow- 
firing rifles in the first few minutes of the fight. Of 
course, some of this celerity is due to the advantages of 
using smokeless powder ; but smokeless powder and the 
rapid-fire gun are, or ought to be, the necessary coun- 
terparts of each other, and when smokeless powder is 
made the exclusive service powder of the army and navy, 





we hope that the guns that use it, whether they be of | 
the medium or the largest calibers, will be furnished | 
with every possible equipment of the rapid-fire kind. 

There are other European manufacturers, such as 
Krupp and Canet, whose tables of rapid-fire guns con- 
tain weapons of as large as 9°45-inch caliber, and the 
records of recent firings with the 12-inch wire-wound 
guns of the ** Majestic " type of battleship almost entitle 
these weapons to be ranked in the class of semi-rapid- 
firers. In recent trials two guns were fired three times 
each in 107 seconds, the time being taken from the first 
discharge to the iast. The time between the second 


and third rounds was only 49 seconds. This rate of fire 











in such operations as are yet performed by hand, and 
in the seacoast guns by the installment of mechanical 
power in those batteries, or at least in the more impor- 
tant of them, the effectiveness of which is, at present, 
somewhat crippled by the hand-power methods of 
manipulation in use. 
en 

LIGHT RAPID-FIRE GUNS. 

In the previous chapter it was shown that the intro- 
duction of the rapid-fire gun was due to the demand 
for a weapon capable of stopping the attack of tor- 


pedo boats. Of the three manufacturers who in 1880 


| and 1881 offered a suitable weapon, in response to the 


request of the French and English governments, 
Hotchkiss was the successful bidder, and the pre-emi- 
nence which he then achieved has been retained ever 
since. To-day, in spite of the fact that there are about 
a score of firms who make a specialty of rapid-fire guns 
of the smaller sizes, the Hotchkiss, or the guns that are 
built on the Hotchkiss general lines are, par excellence, 
the weapons for stopping torpedo boat attack, and in- 
deed for all classes of work, whether on fortifications or 
afloat, which it is the duty of the “ pounders” (guns 
whose size is designated by the pound weight of 
the projectiles) to perform. 
The Hotchkiss 6-pounder. 

The construction of the Hotchkiss guns, and in- 
deed of all the lighter rapid-firers, 
is much simpler than that of the 
heavier weapons. They usually 
consist of two main parts, an 
inner tube and an outer jacket, 
though some makers are build- 
ing very successful guns of a 
single tube. The Hotchkiss gun 
consists of an inner tube over 
which is shrunk a jacket, the 
latter being extended at the 
breech of the gun and enlarged 
to earry the breech mechanism. 
This is of the ‘‘ wedge” system, 
as distinguished from the “in- 
terrupted screw” system already 
deseribed. The breech - block, 
which is rectangular in its hori- 
zontal section, moves vertically 
in a slot which is cut through 








caught by the gear (11), which is actuated by the sear 
spring (12). During this portiouw of the movement of 
the crank (4), owing to the curve of the slotway, A, 
the breech-block does not move; but as soon as the 
hammer is cocked, the block commences to descend, 
and as it moves down, the cartridge-case extractor (13) 
is moved directly to the rear, slowly at first, and with 
a powerful leverage, to start the cartridge-case from its 








seat, and then quickly, as the bore is unmasked, throw- 
ing the ecartridge-case out of the gun. When it is com- 
pletely down, the breech-block is caught and held by 
the stop bolt (14). 

In loading the gun, the charge is entered in the 
chamber and pushed home antil the head of the case 
fetches up against the hook of the extractor. The 
block is then closed by a reverse motion of the crank 
handle. As the block rises, its inclined, forward, upper 
edge pushes the cartridge and extractor close home. 
When the breech is closed the cocking-toe is in position 
to allow the cocking-arm, and with it the hammer, 
to act in firing. Pulling the trigger now fires the 
charge. 

For aiming, a stock (see illustration, page 16) is bolted 
to the left side of the piece if the gun is mounted on 
a rigid carriage, or to the left side of the carriage if the 
gun recoiis. The stock carries a shoulder-rest consist- 





ing of a short length of rubber tube. The recoil is 














Gun Mule. 











HOTCHKISS 2-POUNDER MOUNTAIN GUN IN BATTERY AND IN 


maintained from Soth turrets would mean the delivery | 
of 5 tons of metal, capable of penetrating 36 inches of | 
iron and having a combined energy of nearly 400,000 
foot-tons, in less than two minutes time. 

We refer to this subject at considerable length be- 
cause we feel that it is imperative, especially in view of 
the larger international! fleld upon which we, as a pa-| 
tion, are entering, that we should keep fully abreast of | 
the march of imiprovement in war material. In respect | 
of powder and rapid-fire guns, we have fallen somewhat 
behind in the race. The urgent representations of 
ex-Assistant Secretary of the Navy Theodore Roose- 
velt regarding the necessity of replacing the slow-fire 
guns on our cruisers and battleships with more modern 
weapons are fresh in our ears. The change is being 
made, we are happy to say, as fast as circumstances 
will permit, and before long we hope to see the older 
weapons entirely replaced by the excellent Dashiell 
and Fletcher guns which we have just described. 

The speed of fire of our heavy rifles of 10 inches cali- 
ber and over is, as we have already noted, greater in 
the navy than inthe army. It might be increased in 





the navy by a further application of mechanical power 





the extension of the jacket immediately in rear of 
the bore of the gun. The front face of the block is 
exactly normal to the axis of the gun, while the rear 
face is slightly inclined or wedge shaped. The firing 
mechanism is carried within the breech block. 

As the block moves vertically and falls of its own 
weight, the function of the mechanism for opening and 


closing is to lift the block up in closing and to keep it 


from falling open when closed or from falling com- 
pletely out when the breech is opened. 

The block is opened (i. e., let fall) by means of a 
crank (4), having a stud on the end which fits in a slot- 
way, A, in the right side of the block, and the block 
rests entirely on it. When the crank is turned, the 
stud sweeps down or up through its are, and the block 
is carried down or up with it. When the breech is 
closed, the block is kept from falling by the crank being 
slightly past the vertical to the front, and also by a light 
automatic spring-catch on the handle. 

The rocking-shaft (5) carries the hammer (6) and has 
a toe, 5A, which, when struck by the cocking cam, 8B, 
on the crank, turns the rocking-shaft and retracts the 
hammer (6). When at fu!l cock, the firing system is 
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taken up by a coiled spring carried in a small cylinder 
below the gun, its action and advantages being similar 
to those already described in connection with the heavier 
guns. The naval gun is mounted with its trunnions 
resting in a pivoted yoke which turns in a stout pivot 
stand. This motion, combined with the vertical motion 
of the gun on its trunnions, enables the piece to be 
given a motion in any desired direction. 
The Driggs-Schroeder 6-pounder. 

Another excellent make of gun in our service is the 
Driggs-Schroeder, an American invention. Its most 
interesting feature is the breech-mechanism, shown in 
the two cuts, page 17, which has a combined falling and 
turning movement in opening. The breech-block is 
provided with grooves and projections cut upon its top 
and sides which & into corresponding recesses in the 
top and sides of the breech recess. The main bolt, B, 
actuated by the opening lever, carries a cam, C, 
rigidly attached to it. As the bolt is turned, the cam 
turns in its seat in the block and the latter is forced 
down until the pin, L, in the block, drops into the seat 
on the upper part of the cam. The block ribs are now 





clear of the grooves and the block turns back in com- 
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mon with the cam 
until it rests on 
thetray T. A lug, 
H, projects from 
the lower part of 
the firing-pin, F, 
into a groove in 
the upper part of 
the cam, C. When 
the cam is revolv- 
ed, the firing-pin 
is retracted 
against the imain- 
spring until the 
cock noteh, L, 
eatches over the 
sear, 8S, which is 
held in position 
by a sear-spring. 
There are two ex 
tractors, EE 
which revolve on 
pivots, P. The 
tails of these ex 
tractors are cam 
med by the bot 
tom surface of the 
breech-block. The 
block having a 
eertain amount of 
vertical motion 
with regard to the 
main bolt, it must 
be kept in the 
lower position rel- 


AMERICAN SUPPLEMENT. 19 


3-INCH RAPID FIRE FLETCHER FIELD GUN. 











was also tested, 
but not in com- 
petition proper, a 
%-pounder Skoda 
gun. ‘The tests 
were conducted 
under the super- 
vision: of Captains 
Heath and Cro- 
zier. The guns 
were fired directly 
out to sea, the 
whole object of 
this test being 
the determination 
ot the rapidity of 
firing and the 
time required for 
replacement of 
parts, the ques 
tions of accuracy 
of firing or pene- 
tration not being 
considered on this 
oceasion. 

The firing tests 
were conducted 
on the following 
basis: The first 
test was to deter 
mine how many 
shots could be 
fired in one min 
ute. The next 
test was to deter- 


ative to it during rotation. Tothis end a guide-bolt, G, | feet. In the second trial the target measured 30 by 40| mine how many shots could be fired in three minutes 
is serewed through each side of the housing, projecting | ‘vet and was placed at 3,000 yards from the gun. There} Then came the taking apart trial. This consisted in 
into a guide-groove cut in each side of the block ; this! were eight hits and two misses, and the mean deviation | firing one shot, taking out some of the breech parts 
groove is so shaped that the bolt permits only the | was only 4°8 feet. and replacing them by others, and firing a second shot 
vertical and rotary motions in proper order. So much for the accuracy of these deadly little| The time was taken between tle first and last shots 
Rapidity and Accuracy of the Light Rapid-fire Gun. weapons. | Finally “ame a speed trial of three successive inter 


With his shoulder at the shoulder-rest, his hand on! As regards the rapidity of fire, we cannot do better! vals of five seconds for each gun. 
the trigger, and his eye on the sights, the In conducting the tests a crew of four men 
gunner is able to keep his weapon constantly , was assigned to do the actual work of fir 


ing. This crew moved from piece to piece, 
so that each rifle was fired by the same set of 

men. Besides these each gun had its own 

represen. 1 , and in the taking apart trial 
it was he v'ho aid the work. The cariridges 
used were charged wita ordinary biack pow- 
der, except in the case of the Skoda gun, an 


trained on the approaching torpedo boat, 
and he pulls the trigger just as fast as the 
gun crew can load the weapon. Given an ex- 
pert gunner, and the chances of a torpedo 
boat getting within range will depend upon 











the speed and accuracy of the gun. Just 
what this is, the reader can judge from the 





diagram on page 17, showing the actual RECOIL CYLINDER FOR RAPID FIRE 3-INCH FIEL)) GUN. Austrian piece, which used a smokeless 
target results obtained in a government test powder. The only smoke visible when this 


of a Hotchkiss 6-pounder, made in the summer of 1894. | than give further details of the government tests above | piece was discharged was a slight haze. Although not 

In the first trial, against a target measuring 26 feet | mentioned, which were carried out at Sandy Hoox for | regularly in the competition, a record was taken for it. 
high by 40 feet wide and one mile distant from the gun, | the purpose of testing the relative efficiency of four| The following are the records obtained in the three 
of ten shots fired, all struck the target, and the mean |6-pounders of the following types: Hotchkiss, Spen- principal trials : 


deviation from the center of impact was less than 2|sel, Maxim-Nordenfelt, and Driggs-Schroeder. There! Driggs-Schroeder—Number of rounds fired in one 
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Pig. 3.—Plan View. . 


MAXIM MACHINE GUN-—EATE OF FIRE 750 RIFLE BULLETS PER MINUTE. 
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minute, 34; number of rounds fired in three minutes, 
88: time to dismount and replace, 2 minutes 4} seconds. 

Hotchkiss—Number of roands fired in one winate, 
28: number of rounds fired in three minutes, 83; time 
to dismount and replace, 1 winute 37} seconds. 

Skoda 3-pounder—Number of rounds fired in one 
minute, 24: number of rounds fired in three minutes, 
55: time to dismount and replace, 33} seconds. 

Sponsel—Number of roancs fired in one minute, 4; 
number of rounds fired in thee minutes, 73. 

Maxim-Nordeufelt—Number of rounds fired in one 
minute, 20: number of rounds fired in three minutes, 
65; time to dismount and rsplace, 3 minutes 33} sec- 


| 


onds 


required a longer time to tak» apart and replace parts 
than did the others. This was due to the fact that 
one of the bolts became jammed, and a wrench had to} 








Pig. 4.—Feed-Box, Maxim Gun. 


In the 15 seconds’ trial the Driggs 


shots, the Sponsel eight, the 


be used to loosen it 

Schroeder fired nine 
Hotehkiss ix, the 
Skoda eight It is eonsidered the Driggs-Schroeder 


Maxiin-Norcdenfelt seven and the 
gun showed t best results in these trials, although in 
the tests of last November the Hotchkiss gun was 
swarded the palm of slight superiority over the Driggs 
Schroeder. The Driggs-Schroeder gun is manufactured 
by the firm of Cramp Brothers, of Philadelphia, so that 
it represents a purely Awerican manufacture. 

At the conclusion of the 100-round trial of the Hotch 
kiss gun the metal near the muzzie showed a tempera 
ture of about 600° F., but the heat at the breech was 
not sufficient to explode a cartridge which was inserted 
in the breech and allowed to remain there for four 
iIninutes 

In actual conflict the speed of fire would not be so 
great as in this test, which did net aim at accuracy ; 
but with a practiced gun crew, from 20 to 25 shots per 
minute would be possible. If an approaching torpedo 
boat were discovered at a distance of say a mile anda 
half, it would take at least two minutes and a half to 
get within the firing range of its 
torpedo. During this tie asin 
gle 6-pounder could rain 50 or 60 
shells upon it, and in the case of 
a ship like the * Indiana,” which 
carries ten of these guns on a 
broadside the torpedo boat 
would be exposed toa storm of 
some 500 or 600 shelis, each of 
which could penetrate four or 
five inches of steel at the muzzle 

Truly, the torpedo boat has 
found its effectual answer in the 
rapid-fire gun 

Fully Automatic Maxim 
9-pounder 

The remarkable 9% - pounder 
Maxim gun shown in the accom- 
panying ijlustration should, 
strictly speaking, be treated in 
the following chapter under the 
head of machine guns, for its 
completely automatic action and 
ite remarkable rapidity of fire 
ywive it many of the characteris- 
tics of that type. Its aize and 
power, huwever, entitle it to 
rank with the Hotchkiss, Driggs- 
Schroeder and other light rapid 
firers and render it an ideal wea 
pon for “ stopping” torpedo boat 
attacks, or protecting o mine 
field against countermining op 
erations. The gun is provided 
with a hopper feed and is capa 
ble of firing 60 rounds per min 


ute. This gun and all of its 





and at each dis- 
It will be noticed that the Maxim-Nordenfelt gun| charge the lower- 


the lowermost car- 
tridge in the maga- 
zine. At each dis- 
charge the carrier is 
| thrown back against 
ithe action of the 
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class are worked by the recoil of the barrel. When the 
arm is loaded and the breech closed, the trigger is pull- 
ed and the barrel recoils, taking with it the breech- 
block, the energy of the recoil being checked by a hy- 
draulic buffer, and the barrel returning into the firing 
position by the action of a powerful spring. The breech 
remains closed during the recoil and also during the 
forward movement of the barrel, and it is not opened 
until the barrel has nearly reached the firing position. 
By this means the breech is closed long enough to al- 
low the gases to escape. The cartridges, which in 
this case are 83 feet long, are placed in a magazine on 
the top of the barrel, 


most cartridge is 
thrown into a tubu- 
lar carrier. The 
tubular carrier falls 
by the weight of the 
cartridge, and when 
opposite the barrel 
springs rapidly for- 
ward, throwing the 
eartridge into the 
chamber and liberat- 
ing the breech-block. 
The carrier, being 
now relieved of the 
weight of the car- 
tridge, rises again :in- 
to position opposite 


powerful spring. It 
might be said that 
the carrier is in a 
cocked position after 
each discharge and 
remains so until the 
cartridge falls down 
into line with the 
barrel, when it is lib- 
erated and the spring 
projects the car- 
tridge into the cham- 
ber with great force. 
This arm is particu- 
larly well adapted for 
defence against tor- 
pedo boats, as it gives the gunner an opportunity 
for delivering a considerable number of shots in rapid 
succession without any assistance. Moreover, when 
the gun becomes heated, it is not necessary that the 
cartridge shall remain in the chamber while the gun- 
ner is watching for a torpedo boat. The cartridge be- 
ing in the carrier, it is only necessary to allow it to fall 
in position, when the gun is instantly loaded and may 
be fired inside of a second. 
Hotchkiss 2-pounder Mountain Gun. 
Field-guns differ very considerably from those intend- 





ed for service in the navy or in permanent fortifica- 





MAXIM 1% INCH AUTOMATIC MACHINE GUN—FIRES 300 ONE-POUND SHELLS PER MINUTE. 
VELOCITY, 1,800 FEET PER SECOND. PENETRATION, 24 INCHES OF IRON, 
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tions. The rough service to which they are liable, the 
difficulties of transportation, and the impossibility of 
carrying out elaborate repairs in the field, call for a spe- 
cial design of gun. Hence the field pieces are short and 
light, their mechanism is simple and quickly repairable, 
and they are mounted on carriages which can serve as 
transportation carriages when the gun is limbered up, 
and as gun mounts when the piece is in action. A 
field gun-carriage consists of a pair of massive wheels, a 
stout steel axle, the “stock” consisting of two pieces 
of plate steel, called the “‘ flasks,” which are carried at 
their forward ends upon the axle and converge at 





Fig. 6.—Reooiling Portion of Gun. 
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Fig. 6.—Removable Breech-Block, Cartridge-Carrier and Lock—Maxim Machine Gun. 


their lower ends, where they are united by a solid 
piece of plate, called the “ tail-plate.” The upper ends 
above the axle, called the *‘ cheeks,” are separated suffi- 
ciently to admit the gun, which rests in trunnion- 
beds formed on their upper surfaces. The flasks are 
held in place and stiffened by three or more ‘‘ tran- 
soms” of plate steel, to which they are riveted. The 
elevation of the gun is accomplished by an elevating- 
screw which passes through the middle transom. 

In the case of field-guns which are rigidly seated in 
the stock, the whole gun-carriage recoils. 

If the recoil were not checked in some way, much 
valuable time would be lost in 
returning the gun to battery, 
hence all field guns are provided 
with some form of brake. The 
simplest of these is a rope lash- 
ing the wheels to the carriage. 
Another is a shoe, which fits un- 
der the wheel and is chained to 
the gun stock, after the fashion 
of the shoe-brake used on the 
stage coach. Hotchkiss uses on 
some guns a conical friction 
brake, which tightens on the 
nave of the wheels. Col. Buf- 
fington, United States army, has 
designed a brake which consists 
of a shoe on the wheel, which is 
attached by an elastic extensible 
rod to the axle, eccentrically to 
the wheel 

The training vu! field-guns is 
accomplished by moving the tail 
of the stock to right or left. For 
transportation the gun-carriage 
is ordinarily converted from a 
two-wheeled into a four-wheeled 
one by attaching to it a two- 
wheeled “limber,” which con- 
tains the ammunition and is pro- 
vided with shafts for the draught 
horses. 

The 2-pounder gun, herewith 
illustrated, is provided with a 
pair of mule-shafts, which can 
be attached direct to the gun- 
carriage, and the tread of the 
wheels is so narrow and the 
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whole outfit so light (440 
pounds) that a single mule 
can drag the gun on the nar- 
rowest trails and across very 
difficult country. The gun is 
also designed to be carried 
by pack animals through 
mountainous country in the 
manner shown in the aceom- 
panying cuts. Four mules 
are required, one to carry the 
gun, one for the carriage and 
two for the ammupition. 

This handy little weapon 
has already seen active ser- 
vice in the United States 
army, where it has been used 
in the Indian wars at ranges 
of from 500 to 3,000 yards 
with great effect. 

Rapid-fire Field-Guns with 
Recoil Mechanism. 

In the field-gun just de- 
scribed, the gun is fixed to the 
carriage and the two recoil 
together. This necessitates 
delay in wheeling the carri- 
age back to the firing posi- 
tion. The automatic recoil 
mounts, which have increased 
so greatly the speed of fire 
in naval guns, have also been 
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GATLING GUNS WITH DRUM AND GRAVITY FEEDS. 


clear the very ingenious me- 
chanism of this type of gun. 
Figs. 1, 2 and 3 show respect- 
ively a diagram of the non- 
recoiling portion of the gun, 
n longitudinal section along 
the axis and a plan view with 
the cover removed. Fig. 4 
shows the feed-box, Fig. 5 the 
recoiling [portion of the gun 
and Fig. 6 is a view of 
the portion known as the 
bo't. 

All the parts shown in full 
lines in Fig. 1 remain station 
ary when firing, with the ex 
ception of the outside crank 
arm or elbow lever, 2, 8, which 
is fixed to the crank wrist or 
shaft and forms a part of the 
recoiling portion, or gun pro- 
per, whieh is mounted inside 
of the gun frame, 4, in such a 
manner that when fired the 
recoil moves it back about 
one inch. 

On the left hand and out 
side «f the gun, or at the side 
opponite the erank, 2, 8, there 
is attached to the crank shaft, 
1 aspiral spring, 5, by means 
of a chain, 6, and a small 


applied to field-guns with gratifying results. The| guns, while in the machine guns, firing the regulation | fusee, 7, as shown in dotted lines. 
mount and carriage of the 38-inch rapid-fire field-gun | rifle bullets of between one-quarter and two-fifths of} In Fig. 2, the spring box, 8, which contains the spiral 


herewith shown were designed by Prof. P. R. Alger. 


The gun is carried in a recoil-cylinder (1) into the|as a thousand shots per minute. 


piston of which (2) it is screwed by means of a thread; The awful destructiveness of these weapons in the | 
cut upon the forward end of its jacket. 
is closed by front and rear glands (8, 4), and within it | at short ranges by all means the most deadly engines of 
are the usual coiled spring and mixture of glycerine | modern warfare. The operator has simply to grasp the | 
and water. Below the cylinder is an elevating are, 5, | handles, keep his finger uron the trigger, and swing 





The cylinder | hands of a cool and accurate marksman renders them | | 





the gun to and fro as a fireman handles the | 
nozzle. He is able to pour upon the enemy 








Bgl 


a literal stream of bullets, and there is not a 
body of soldiers in the world that could 
charge with the remotest chance of success 





against a position defended by a few of 

these diabolical weapons. | 
The Maxim Automatic Machine Gun. 

The Maxim machine gun is one of the 


an inch diameter, the speed of fire has run‘up as high | spring, 5, is shown with the top removed, displaying 
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best known and most successful in the 

aaa Sp 
world, and it isjto be found in the army —B 
and navy service of all the leading powers 


which is operated by a worm at the forward end of the; The gun practically consists of two portions—a re 
elevating shaft, which is seen in the larger engraving | coiling and a non-recoiling portion. The recoiling por 


just below the breech of the gun. 


The tail piece is} tion embraces the barrel, the lock, the crank, the! 





Fug « 


provided with a tail wheel and a downwardly project- | | breech-block, and an inner frame with guides and bear- | the said spring with its chain connection to the crank 
ing ‘‘spade.” When the gun is being moved, the tail | ings on which the said mechanism operates. The re-| shaft. 1. 
| 


wheel is down, as shown in the cut, but when it is in 


coiling portion is, in reality, the gun proper. The When the 


is fired, the arm or cam, 2, of the 


action, the wheel is thrown up and the tail piece| outer or non-recoiling portion may be justly econ- crank, 2, 3, which belongs to the recoiling portion, i« 


rests upon a downwardly projecting shoe, which is| sidered the carriage on which the gun operates. 


driven into the ground by the recoil of the gun, and The accompanying illustrations will assist in making! resistance, 9, 


serves to hold the earriage station- 
ary. The breech-mechanism is of 
the Fletcher rapid-fire type, and 
the piece is thus provided with 
all the advantages of a fixed rapid- 
fire gun. The gun fires a shrapnel 
shell weighing 13'4 pounds, and 32 
rounds of ammunition are carried 
on the carriage in four boxes, two 
on each side. The weight of the 
gun, including the recoil cylinder, 
is 580 pounds, and the complete 
gun, carriage and ammunition 
weigh 1,830 pounds. 
MACHINE GUNS. 

It will doubtless have been ob- 
served, during our brief review of 
the various types of ordnance, that 
the rapidity of fire of the different 
weapons increases almost in the in- 
verse ratio of their weight and size. 
From a rate of one shot in two or 
three minutes in the 12 and 13-inch 
guns, and in a minute to a minute 
and a half in the 8-inch weapon, 
we have seen the speed rise to six 
or seven shots per minute in the 6- 
inch rapid-fire gun, fifteen shots in 
the 4inch, and twenty-five shots 
in the little 6-pounder guns. 

The highest development of speed 
is obtained in what are known as 
machine guns, that is guns in which 
the operations of feeding, loading, 
firing and discharging the empty 
cartridge shells are all performed 
by the gunitself. Here there is a 
sudden jump from’ twenty-five 
rounds to one hundred and fifty 
rounds per minute for the 6-pounder 
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FRONT VIEW oF “GATLING FIELD GUN PROVIDED WITH BRUCE GRAVITY FEED. 
RATE OF FIRE 600 TO 1,200 SHOTS PER MINUTE. 








brought in violent contact with a stationary point of 
fixed to the gun frame, 4, the effect of 


whieh is to foreibly turn the erank 
shaft, 1, and eause the crank handle 
or arin, 3, to strikea buffer spring, 
10. held outside the gun frame, so 
that, when the crank handle, 3, is 
resting on the buffer, 10, the spiral 
spring, 5, is not only extended one 
inch by the recoil, but the winding 
of the ehain on the fusee caures a 
still further elongation. 

Thus when the crank handle, 
has been bought to a state of rest 
on the buffer, 10, the action of the 
spiral spring is first to pull the bar 
rel and the whole recoiling portion 
back into firing position, and then 
to turn the erank to restore the 
bolt to iiring position. As the 
crank handle is brought back to 
this position it strikes the dead 
stop, 11, which is pivoted to the 
gun frawe and rocks on its pivot 
to receive the blow in such a man 
ner as to prevent all rebounding. 

In the longitudinal central see 
tion, Fig. 2, allthe parts are in the 
positions of *‘ ready ” for firing on 
pulling the trigger. The iock em 
ployed is very similar to that used 
in the old fashioned single barrel 
pistol, namely, a firing pin, a main 
spring, 2 hammerand asear. All 
these parts are mounted in the 
lock or bolt, 12. 

When the upright trigger, 13, 
placed between the vertical han 
dies, 86, is pressed, the rod, 14, is 
drawn back ward and its projection, 
15, engeges the lower end of the 
sear, 16, thus releasing the ham- 
mer, 17, and the main spring, 18, 
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then throws the firing pin, 19, violently forward to 
strike the primer and explode the cartridge. A spring, 
88, returns the trigger and trigger rod to the cocked or 
freed position on removing the pressure. 

All the operations of the breech mechanism are ef- 
feeted by the reciprocating movements of the outside 
erank, 2, 3. 

The gun crank has an arm, 20, which is inside the 
gun frame, 4, and stands at right angles to the outside 
erank arm, 2. To 
this arm, 20, is piv- 
otally attached the 
rear end of a con- 
necting rod, 22, 23, 
the part 2of which 
straddles and is piv 
oted to the breech- 
block, 12. Therefore, 
when the outside 
erank is turned for- 
ward, the inner crank 
arm, 20, is thrown 
downward and back- 
ward, as shown in 
dotted lines, Fig. 2 
The part, 23, of the 
connecting rod is 
thus bronght in 
contact with the tail 
of the bammer, 17, 
pressing it down, 
drawing back the 
firing pin, and com 
pressing the main- 
spring unti! the sear, 
16, engages a notch 
in the hammer and 
a safety sear, 24, en 
gages a notch in 
the firing pin. At 
the same time the 
breech-bloeck is with 
drawn from the bar 
rel, the empty car 
tridge case extract- 
el, a fresh cartridge 
dvawn from the belt, 
the carrier, 25, low- 
ered, and the live eartridge brought in line with the | 
barrel, 26, and the empty case in line with the dis- 
cliarge pipe, 27 

Projections, 28, on the carrier, 25, during the recoil 
and the opening of the breech, slide on cams, 30, on the 
frame, 4, whereby the carrier is held up until the empty 
case is extracted and a fresh cartridge drawn from 
the belt. The lowering of the carrier is then effected 
by gravity, assisted by a spring, 81, attached to the 
inside of the cover, 32, of the frame, 4. The carrier i. 
guided and held steadily in its forw>rl movements by 
the projections, 28, which slide im enortact with the 
under surfaces of the cams, 30, until the breech-block 
is home. The carrier, 25, has spring catches, 33, 34 and 
35, which with its grooved side flanges hold the live 
cartridge and the empty case in their proper places in 
the carrier, as is well shown in Fig. 6. 

Clams, 40, in the closing of the breech, act on other 
cals on a lever, 41, to lift the carrier, 25. As the car- 


breech-block to be delivered into the discharge pipe, 
27, where it is held by a spring, 46, until thrust out 
by the succeeding empty case. 

The firing pin, 19, slides between guides in the breech 
block, and ean strike the cartridge only through a 
hole, 52, and the carrier, 25; therefore, it can fire the gun 
only when the carrier is at the top of its stroke and the 
breech is closed, as shown in Figs. 2 and 3. The safety 








rier rises, the spring catch, 33, yields and passes over 
the head of the loaded 
eartridge, in a belt, 42: 
the spring catch, 44, 
also passes over the 
heed of the cartridge in 
the barrel, and the 
spring catch, 45, passes 
over the head of the 
em ty cartridge case in 
the tube, 27, the car- 
rier freeing itself from 
the empty case and at 
the same time taking 
firm hold of the fresh 
cartridge in the belt. 
Girooves, 45. in this 
earrier, 25, are made to 
fit the flanged head of 
the cartridge, so that 
when the carrier rises, 
the cartridge is seized 
at both sides of the 
head, and while thus 
firmly held, the ecar- 
tridge is extracted from 
the belt, performs its 
backward and forward 
movement with the 
breech-block, and en- 
ters the barrel of the 
gun with unerring ac- 
curacy; its empiy case 
is extracted therefrom. 
aod it again retreats 
and advances with the 


sear, 24, also secures the gun against firing until the 


—_— 





COLT GUN CARRIED IN BOOT BY CAVALRYMAN. 


breech is closed, by which action in the rising of the 


| connecting rod, 22, 23, the sear is lifted, thereby re- 


leasing the firing pin. There is also a small safety 
catch, 53, which may be dropped down when the firing 
has taken place, and thus secure the trigger against 
being pulled until the catch is again lifted and thrown 
back by hand for that purpose. 

In the continuous working of the gun, the empty 
eases are thrust one after another into the tube, 27, and 
are ejected therefrom with considerable force by the 
impact received from each succeeding case as it enters 
the tube. 

The crank shaft, 1, is supported in bearings, 56, 
which are formed on the inner recoiling frame, 47, and 
extend through slots, 57, in the outer gun frame, 4, 
these slots being of sufficient length to permit the re- 
quired recoil of the frame, 47, and its connected me- 
chanism. 

When the breech is closed the crank arm, 20, is slightly 
above its forward dead center, and bears against stops, 





COLT AUTOMATIC GUN ON TRIPOD, TAKING FEED DIRECT FROM AMMUNITION CASE. RATE OF FIRE, end. 
400 


SHOTS PER MINUTE. 
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58, on the recoiling frame, 47. Therefore, during the 
period of explosion, the breech-block is firmly locked to 
the barrel and supported against the force of the ex- 
plosion, so that the barrel, the crank, and the frame, 
47, or the whole recoiling portion of the gun, will recede 
together until the crank arm, 2, strikes the point of re- 
sistance, 9, as above described, which throws the crank 
forward, opening the breech, at first slowly and then 








more rapidly, as the recoil advances. Thus the empty 
eartridge case is 
started from the bar- 
rel of the gun, at 
first very slowly, as 
is in like manner the 
live cartridge from 
the belt. By far the 
larger portion of the 
time between dis- 
charges is consumed 
in the opening of 
the breech, so that 
ample time is allow- 
ed for the pressure of 
gases to escape from 
the barrel before the 
breech-block is with- 
drawn from it. 

The feeding of the 
eartridges into the 
gun is accomplished 
in the following 
manner: The car- 
tridges are placed in 
the belt, 42, formed 
of two pieces of tape 
fastened together by 
eyelets and brass 
strips. The belt is 
made thick at the 
edge next the bullets 
by being folded over 
a cord, as shown, so 
that the cartridges 
may lie even in their 

ewe magazines, while 

every fourth brass 

strip is made to pro- 

ject beyond the bul- 

let edge of the belt a distance equal to that of the 

bullets, thus rigidly maintaining in the magazine the 
exact position of the cartridges in the belt. 

The gun frame, 4, has firmly attached to it a cool- 
ing chamber or water jacket, 67, through which the 
barrel, 26, is arranged to slide longitudinally. The 
water jacket holds when full about 244 quarts, and is 
filled through a hole at its rear end, which is closed 
by plug, 68. 

By taking hold of the handles, 36, the gun may be 
pointed in any direction and controlled as freely as the 
discharge pipe of a common fire engine hose, while the 
thumbs fall naturally into the required position for 
the instantaneous manipulation of the trigger. Thus 
a stream of bullets is under the perfect control of the 
gunner, and may be directed instantly at any desired 
angle of elevation or depression or spread over any 
area. By means of sights, 80, 81, as accurate aim 
may be taken and as good a target made as with any 
rifle. The rapidity of fire of the gun ranges from 600 
to 700 shots per minute, 
according to the type of 
cartridge used. 

The Gatling Gun. 

It was as far back as 
1861 that Dr. Richard 
Jordan Gatling, who is 
a native of Hartford 
County, North Caro- 
lina, invented the ma- 
ehine gun which has 
rendered him famous 
the world over, Al- 
though he was born as 
early as the year 1818, 
Dr. Gatling enjoys to- 
day the best of health, 
and is a familiar figure 
in the business circles 
of New York City. 

The Gatling gun is 
composed of a series of 
barrels, I (see Fig. 1, on 
page 21), grouped 
around a central shaft, 
K. There are usually 
ten barrels, but occa- 
sionally only five or six 
are employed. They 
are held in place by 
two barrel-plates, J, H, 
which are; keyed to 
the shaft, one at each 
Immediately to 
the rear of the barrels is 
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a “earrier-block,” G, which is keyed to the shaft, K, 
and is provided on its face with grooves which form 
extensions of the barrels, and receive the cartridges 
from the feed and guide them while they are being 
thrust into the barrels by the bolts. Immediately to 
the rear of the “carrier -).ck” is another cylinder 
called the * lock-cylinue:,’ A. Itis attached to thecen- 
tral shaft, K, and inits surface are cut ten guide 


and the use of but one barrel at a time, have a ten- 
dency to prevent overheating, thus giving great 
endurance, as was proved in a recent trial before a 
naval board, in which over 100,000 cartridges were fired, 
of which over 63,000 were fired without stopping to 
wipe out or clean the barrels. At the end of the 68,000 
rounds the gun was found to be in good condition. 








coiled in boxes, or they may rest on the ground. When 
attached to the casing, the boxes move with it, so that 
the vertical or horizontal movements of the gun will 
not affect the supply of ammunition. The gun is ope- 
rated by the pressure of the powder gases in the barrel 
after the projectile has received its maximum velocity. 
This is done without injuring either its range or its 


penetration. In the barrel to the rear of 





ways for a series of ten bolts correspondiug to 
the grooves in the carrier-block. The bolts slide 
backward and forward and serve to open and 
close the breech and fire the cartridges. The 
central shaft may be operated by means of 
a hand-ercnk, F, the worm, D, and worm- 
wheel, B, if slow motion is desired; and ex- 
tremely rapid fire may be secured by placing 
the crank directly on the end of the central 
shaft, K. The shaft, barrels, ete., are mounted 
in a frame anc covered by a bronze casing to 
keep out the dust. 

Each barrel has its own bolt, and each bolt 
is provided with a firing pin, an extractor for 
withdrawing the empty cartridge case, and a 
projecting lug which fits a groove cut in the 
easing. The groove is elliptical, and its form is 
such as to cause each bolt to perform one re- 
ciprocal movement for each revolutien of the 
shaft and barrels. 

Now, when the operator turns the crank, the 
barrels, carrier-block and lock-cylinder, being 
all keyed to the shaft, are rotated together ina 
fixed relative position, the casing remaining 
stationary. As the bolts are carried round in 
the lock-cylinder, their lugs follow the cam- 
groove in the casing (which does not rotate), 
and they are thrust forward in the downward 
half of their revolution and drawn back in the 
upward half. 

In the diagram, Fig. 2, which shows the ac- 
tion of the firing mechanism, the lock-cylinder 
and the breech of the ten barrels is supposed 
to be cut through and laid open on a plane sur- 
face. AB represents the right half of the cam 
groove and A’ B’ the left half. At the point, 
B’, when the bolt is fully withdrawn, the car- 





instead of the rocoil of the barrel, storage 

springs of greater strength than those usually 

employed may be used. There is a safety lock 

that holds the hammer fast, so that it will not 

strike the firing pin when a loaded cartridge is 

left in the gun. The bammer is also used as 
I a 3 4 5 6 Pw 


the muzzle is a small radial vent, which opens 
downward from the bore. This is closed by 
a piston which fits in the gas cylinder that 
surrounds the outer edge of the vent. The 
piston is pivoted to a gas lever in such a way 
that the latter adjusts itself to the gas cylinder. 
The lever swings in a vertical plane. To op- 
erate the gun, the feed belt is put in and the 
lever is thrown down and backward as far as it 
will go. It is only necessary to do this once by 
hand. The lever is then released and the 
spring causes it to move forward, close the vent 
and transfer the cartridge from the carrier to 
the barrel. The same movement cocks the 
hammer and closes and locks the breech. The 
shot is then fired by pulling the trigger. After 
the bullet has passed the vent and before it 
leaves the muzzle, the powder gases, expanding 
through the vent, work the piston and the gas 
lever, which act on the mechanism go that the 
breech is opened, the shell is thrown out and 
another one is fed into its place. The gas lever 
in returning forces home the cartridge in the 
barrel and closes and locks the breech. If the 
trigger is held instead of being released, the 
operation is repeated as long as the cartridges 
are supplied to the gun. It will be thus seen 
that it is strictly an automatic gan. The man- 
ufacturers state that, as the action is due di- 
rectly to the pressure of the gases on the lever, 





a piston for an airpump. This forces air into 





tridge drops from the feed into the grooves in 

the ecarrier-block between the bolt and the 

breech of the barrel. As the rotation continues 

the bolt is pushed forward by the engage- 

ment of its lug in the cam-groove, B A, and thrusts 
the cartridge into the barrel. At the point, R, 
the head of a firing-pin, which is carried within the 
boit, is retained by a groove, the bolt still moving for- 
ward, thereby compressing a spiral spring and cocking 
the firing-pin. By the time that the boit has thrust 
the cartridge home in the barrel, the head of the pin 
has reached the end of the groove, R, and, being now 
released, it is carried forward by the spring and fires 
the cartridge. The further rotation of the shaft causes 
the cam-groove to draw the bolt to the rear, the car- 
tridge being withdrawn by means of an extractor-claw 
at the forward end of the bolt. 

As there are ten barrels, a rotation of once a second 
would enable the gun to fire 600 shots a minute, and 
this speed may be easily doubled if so desired. 

Three systems of feed are used, both of which are 
shown inthe accompanying illustrations. The first con- 
sists of a drum, which is attached to the gun just above 
the earrier-block. The interior of the drum is divided 
by aspiral strip of metal which begins at the center 
and finishes at the mouth of the drum. A set of radial 
arms are placed within the drum, and by their rotation 
serve to force the cartridges along the spiral from 
the center to the mouth at 
the circumference. The arms 
are engaged by the grooves 
on the earrier block, and as 
they are carried round a car- 
tridge is dropped into each 
groove of the block. This 
feed is shown on the field-gun 
in the cut at the top of page 
21. 

In another system shown 
on the same page the ear- 
tridges fall by gravity down 
the grooves of an upright 
guide in which they are held 
by the rims of the cartridge- 
eases. The latest feed con- 
sists of strips of metal, with 
tongues punched in them, 
which embrace and hold the 
cartridges. The strips are fed 
to the gun face down, that is, 
with the eartridges on the 
under side, and as the carrier- 
block rotates it detaches the 
cartridges and carries them 
one by one into the gun. 

The Gatling gun is sim- 
ple, reliable and durable. 
The number of barrels used, 





1. 1-pounder, 


6. 33-pounder 4-inch gun. 
FIXED AMMUNITION FOR RAPID-FIRE GUNS. 


The following are the particulars of the army Gat- 
ling gun ; 


BUND. 00660 08i nn cnensediconecéocuseensieseus On 

RE GF GEE. | osc ccabhs -coccdcosctae: 0¢ 82 inches. 

co ff fg eee 220 grains. 

Powder charge, smokeless............ one 38 to 42 grains. 
EE PEIEEED cnt «. «cdccevesevnceceesrseeed 2,000 f. 8. 

Penetration... ....000.-s.eee0 ocesocccenses 48 inches of wood, 


The Colt Automatic Gun. 


We close the present chapter on machine guns with 
a brief description of a weapon which has already done 
good service in the operations on the south coast of 
Cuba — the Colt automatic gun. Like the Maxim 
machine gun, it is fully automatic ; all that is necessary, 
when it is once started, being to hold the finger on the 
trigger, when the gun will continue firing at the rate 
of 400 shots a minute until the cartridge box is empty. 
Like the Maxim, it consists of a single barrel, but, ow- 
ing to the thickness of the barrel, it does not heat as 
rapidly as some of the single barrel guns, and the wa- 
ter jacket is not necessary. 

The gun itself consists of a stout barrel attached to a 
breech casing, in which is carried the mechanism for 
charging, firing and ejecting the shells. The belts are 








1. Armor-piercing steel shell. 2. Shrapnel. 3. Case shot, 4. Common shell, 5. Complete cartridge. 
SECTIONAL VIEWS OF HOTCHKISS RAPID-FIRE AMMUNITION. 
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2. 24g-pounder. 8. 3-pounder, 4. 6-pounder. 5. 9-pounder. 





the chamber in the barrel, which carries away 
any residue or unburnt powder. All of the 
working parts of the gun are readily accessible. 
Owing to its lightness, the gun can be handled 
easily by one man, the operation of the gun being 
practically like firing a pistol. 

The gun is mounted pivotally on a light tripod 
stand, it is elevated and depressed by means of a 
worm engaging an elevating are. A small saddle for 
the gunner is clamped to the rear leg of the tripod, 
and a small hand wheel below the gun serves to ope- 
rate the elevating gear. 

The particulars of weight, penetration, etc., of this 
remarkably compact weapon ar- as follows: 


OUOS « sceosccsvesseececes ; 6 mm. or 09362. 
Length of barrel..,..... «..« 28 inches. 
Weight of bullet % . 112 grains. 
Weight of powder,..,........ 38 grains (Troiedorf, amokeieas). 
Muzzle velocity.... .. .....+. 2,500 f. 8. 
Muzzle penetration,.......... 60 inches pine. 
{ 400 to 500 shots per minute, regu- 
Bpeelh,,... .ccscccccscee 4 lated in construction of gun, 


according to requirementa. 
40 pounds 


94 pounds. 


Weight of gun only... bee 

Or complete with tripod and | 

aT a ‘ 

Weight of field carriage com- | 

plete, gun mount, am-| 
munition chests,” <u} 200 pounds 

boxes for 2,000 car- 

GIB. cc ncvecoccccccee 

The small weight and bulk of the gun render it an 
ideal weapon for cavalry or for the operations of a 
naval landing party. For 
cavalry use it is carried witl, 
its folding tripod in a boot 
attached to the saddle, when 
it will reach only from the 
waist to the stirrup, or it 
may be strapped to the side 
of a pack saddle. 

—_———- —-®se 
PROJECTILES. 

THE new 16-inch, 125-ton 
coast-defence gun delivers its 
shells with an energy of over 
64,000 foot-tons; that is to say, 
the energy embodied in the 
flying missile, if applied 
gradually as an upward 
thrust, beneath the keel of 
the battleship ‘‘ Iowa,” when 
she is resting in the dry dock, 
would be sufficient to raise 
her bodily six feet into the 
air. But the energy of the 
projectile is transmitted to a 
ship, not gradually, but in an 
instant of time, and, more- 
over, it is all concentrated at 
the moment of impact on a 
pointed head, which mast, 
therefore, be made of suffi- 
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cient strength to deliver this enormous energy to the 
vessel's armor without suffering fracture or distortion. 
Evidently, then, a modern projectile must possess 
extraordinary powers of resistance, combining in itself 
in an extreme degree all those elements of hardness 
and toughness which, as we have seen, are necessary 
in the metal of which high-powered guns are built up. 
Of late years there has been a vast amount of time and 
skill expended in the effort to produce armor-piercing 
shells that shall be capable of effectively develop- 
ing the whole penetrative energy of the gun on the 
armor-plate, and it is a question whether the projec- 
tile makers have received the credit which is undoubt- 
edly their due. In the so-called struggle between 


enough to rupture them. On the other hand, consider-| the case, A, are bored out two small cylinders, in 
ations of strength demand that the walls shall be heavy | which work a couple of pistons, whose rods, D, extend 
enough to earry the shell through the plate without | up into the interior of the case, whe: they rest in con- 
parting. The solution of the difficulty is found in the | tact with the holding-down springs, C. A threaded 
use of high-explosive bursting charges. The French | ferrule is screwed into the upper end of the case, anda 
were the first to solve the | a 
problem with a substance 1G 
called melinite; since that 





time many other suitable ex- 
plosives have been invented 
and put into successful use. 
The Delayed Action Fuse. 
It is evident that the full 
destructiveness of a shell 
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FRANKFORD COMBINATION (TIME AND PERCUSSION) FUSE. THE FRANKFORD 5-INCH SHRAPNEL. 


guns and armor, the projectile has of late years been | will only be realized if its explosion is delayed until it | suitable shelf within it serves to carry a plug, H, upon 
the determining factor, and had it not been for the | has passed entirely through the armor into the interior} which rests a ring or washer, 1, of specially prepared 
extraordinary quality of the projectiles which have of the fort, turret or ship. This result is secured in| powder. A cap, provided with a central hole, O, is 
been produced by Johnson, Wheeler-Sterling and oth- some armor-piercing shell by relying upon the heat en-| screwed on above the ferrule and in the cap is an igni- 
ers, coupled with the introduction of that most inge-| gendered by the passage of the shell through the armor, | tion charge for exploding the powder in the shell. 

nivus device, the soft metal cap, it is certain that the | and in others by what is known asa “‘delayed-action| When the gun is fired, the pressure of the powder 


victory, as between guns and armor, would have lain | 
with the plate. To-day the gun, with its soft-capped | 
projectile, is supreme. 
Solid Shot, Shell and Shrapnel. 
Solid shot, except for the smallest arms, is rarely 
manufactured at the present day. What is called solid | 
shot is not actually solid, but is made with a hollow} 
core. Spherical shot, moreover, bas disappeared with 
the smoothbore, and all shot and shell are formed with 
a cylindrical body and a pointed (ogival) head. In the 
days of wrought iron armor, shot was made of cast 
iron, and the projectiles of Major Palliser with a chilled 
head were fully equal to penetrating the best plates of 
that time. With the introduction of steel armor, how- 
ever, it became necessary to find a tougher material | 
than cast iron, and steel shot was tried with gratifying | 
results. The supremacy of steel projectiles over steel | 
armor has been maintained with occasional intermis 


| 
As we have already stated, shot is seldom made abso- | 

. . 2 } 

lutely solid for the modern guns. If it were, it would | 


sions to the present day 


forces in the two pistons, and their rods, D, push the 
«K springs, C, out of the notches in the hammer, B, 
leaving it free to move forward at the moment of im- 
pact. When the shell strikes the armor, the hammer 
flies forward by its own momentum and strikes three 
steel balls, F, causing them to ignite a primer, G. The 
flame of the primer fills the cavity, L ; but it is prevent- 
ed from passing through O, to the ignition charge, by 
the fact that the plug, H, was driven forward at the in- 
stant the shell struck the armor, thereby closing the 
orifice. The flame of the primer sets fire to the washer 
of prepared powder 1, which, as it is squeezed in tightly 
between two flat surfaces, can only burn from the edge 
inward. This causes a slight delay between the mo- 
ment when the shell strikes the armor and the moment 
of explosion, the interval being the time taken by the 
washer, 1, in burning from its cireumference to the cen- 
ter hole leading to the ignition charge above it. The 
DELAYED-ACTION FUSE, FOR EXPLODING SHELL | flame of the ignition charge explodes the powder in the 
AFTER IT HAS PASSED THROUGH THE ARMOR. shell. The delay is of course extremely slight, being 
only sufficient to allow the shell to reach the interior 
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be difficult to secure the high resisting quality in|fuse.” This device, of which we show a vertical section | of the ship. 


the material which is necessary. By casting the pro-| herewith, consists of a hollow threaded case, A, which 


Shells are, broadly speaking, of three types : armor- 





jectile hollow it can be so treated that all the strains | is serewed into the base of the projectile. It contains | piercing shell, common shell, and case shot, or shrap- 


can be removed and its toughness greatly increased. 


a spherical hammer, B, held down in place by two|nel as it is pow called. Common shell is made of cast 


The best projectiles are cast of a special quality of | springs, C, whose lower ends rest in notches provided | iron. It carries a large bursting charge, and is provided 
steel with which is alloyed a certain amount of chro-! for the purpose, on the surface of B. In the base of! with a fuse either of the time or percussion type. It 


minum to give it the neces- 
sary toughness, and then fore = pe 
ed, annealed and carefally 
tempered. When the hollow 
shot is filled with a bursting 
charge of powder and provid- 
ed with a fuse to ignite the 
charge it is known technically 
asashell. The present aim 
of artillerists is to abolish the 
use of shotin favor of shell 
for the reason that the widely 
spread destruction wronght 
by the many fiving frag 
ments of a shell is far greater 
than the local damage inflict- 
ed by the single solid pro 
jectile. The shot, with its 
small interior eavity, is of 
course stronger than the shell 
with its larger cavity and thin 
ner walls. The problem is to 
produce a shell strong enough 
to hold together until it has 
passed through the armor, 
bat with a large enough cavity 
to carry within it a powerfal 
bursting charge. If the walls 
are made beyond a certain 
thickness, the charge will 
have to be reduced and may 





is not intended for armor 
piercing, its destructive ef- 
fects being due to the disrup- 
tive force of the explosion and 
the flying fragments of the 
shell. In the larger calibers 
the fuse is contained in a 
small case which is screwed 
into the base. In external 
appearance there is nothing 
to distinguish the common 
from the armor-piercing shell 
except the point, which is 
blunt in the former and sharp- 
ly pointed in the latter. 

Shrapnel is essentially the 
projectile of field artillery. 
It consists of a cast iron head 
and base, and a light con- 
necting ease, the interior of 
whieh is filled with balls of 
small ealiber. It is exploded 
by atime fuse. 

Manufacture of Projectiles. 
seeene There is, perbapr, no branch 
X susters Teaoven, 225 of the manufacture of war 
@___-._smesvorg,_._.¢ material that is guarded with 
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steel, the best methods of casting and forging, and is placed in the case it issubjected toa pressure of 10,000 | the percussion fuse. The most important element 
above all are the secrets of tempering guarded with | pounds to pack it thoroughly together and insure that|of the time fuse is the ‘“time-train,” a length of 
the assembled shell shall act as one solid mass under the | lead pipe, filled with mealed powder, which is wound 
shock of discharge. The total number of balis, sepa-| spirally around a hollow cone ‘of soft metal that 
is to be chilled, a chill is first placed at the bottom of | rators and individual pieces in the complete shell is 344, | rests upon and is attached to the bronze body of the 


a jealous eye. The armor-piercing projectiles are cast 
head downward in a special mould, and if the point 


the mould. If forged steel shells are to be produced, 
the steel casting is made of considerably larger dia- 


The Frankford Combination Fuse. 
The device for securing explosion of a shell is known 


fuse, The time-train has a regular rate of burning, so 
many inches corresponding to so many seconds of time. 


meter than the finished shell, is cast solid, then re-| as a fuse, and while of fuses there is an endless variety, | At its rear end it leads into an ignition powder cham- 
heated and hammered down until it is slightly larger: the principles on which they act are simple and essen-' ber whose contents serve to explode the shell. The 


than the finished diameter. Next it is put in the 
lathe, rough-bored, and pointed, and given a 
finishing cut. The cylindrical body of the shell 
is of slightly less diameter than the base of the 
ogival head. This enlargement is provided to 
afford a bearing surface for the forward end of the 
shell as it travels upthe boreof thegun. Theafter 
part of the shell bears against and is centered in 
the gun by the rifling-band—a band of soft copper 
which is hammered intoagroove that is cut around 
the shell a few inches from its base. The exterior 
diameter of the band is greater than the bore of 
the gun, and when the shell is rammed home, it 
fetches up with the band engaging the commence- 
ment of the rifling in the ‘‘ compression slope.” 
(See sectional view of the 12-inch gun, page 5.) 
When the gun is fired, the powder pressure ex- 
pands the soft copper, forcing it into the grooves, 
causing the shell to follow the twist of the 
rifling. The result is that by the time the pro- 
jectile leaves the muzzle it is spinning at the rate 
of seventy-two revolutions per second. The rapid 
rotation of the shell about its longer axis prevents it 
from *‘ tumbling,” that is, turning end over end in 
its flight. The copper band, by filling the grooves 
and the space between the shell and the bore, acts 
as a gas-seal, and serves in this respect the same 
purpose as the asbestos pad on the breech-block. 

The shell is cut off to the finished length in a 
special machine. There are many processes of harden- 
ing: In one of these the shell is placed, head down- 
ward, in a bath of molten lead, and lef‘ there for four 
hours, the temperature of the lead being raised during 
the process from 500° to 1,300°. The shell is then with- 
drawn, sprayed with water, and finally placed in a 
bath which is prepared by a secret process. The base 
is then threaded for the closing serew plug, and the 
shell finally ground down to the finished dimensions 
in the grinding room. 

The finished projectile is now ready for the test, and 
if it is up to contract requirements, it will penetrate the 
best armor plates of a thickness equal to 1!, times its 
own diameter without cracking or suffering any de- 
formation. 


A 


Shrapnel. 


Shrapnel will play an important part in the field 
operations of the present war, and in 
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6-INCH JOHNSON SOLID SHOT WITH SOFT CAP, BEFORE 


cone and time-train are inclosed in a brass cover 
and a cap, and the cover is indented with a spiral 
groove corresponding to that on the spiral time 
train on the interior cone. The bronze case is ex 
tended within the cone to form a holiow cylinder, 
and at its forward end is carried a cylindrical 
plunger, which contains a fulminate in its base 
The plunger is held at the forward end of the fuse 
by some small lugs which engage in recesses cut 
in the cover-cap. Behind the plunger isa firing 
pin. The plunger is secured to the cap during 
transportation by a safety-pin, which is taken out 
when the shell is inserted in the gan. 

The percussion fuse consists of a percussion 
plunger in which is inclosed a firing pin, the plang- 
er being normally at the forward end of the pin 
Above the pin, and separated from it by a safety- 
disk of copper, is a primer, which communicates 
through channels cut in the surface of the plunger 
with the bursting charge of the shell. 

The action of a time fuse is as follows: When 
the point at which it is desired to burst the shrap 
nel is determined, the time-train is pierced at the 
number—say 8—corresponding to the time in sec- 


AND AFTER PENETRATING 10-INCH RE-FORGED HARVEY onds which it will take the shell to cover the dis- 


PLATE. 


tially the same. There are two types, the percussion 
and the time fuse. The former explodes the sheil by 
the striking of a hammer upon a fulminate, the explo- 
sion taking place on the impact of the shell. The time 
fuse is operated by the action of a * time-train” of pre- 
pared .powder, which is ignited by the firing of the 
gun, and reaches the exploding charge in the shell at a 
predetermined time after the shell has left the gun. 

The fuses are placed either in the head or the base 
of the shell; in the larger projectiles they are almost 
invariably in the base. The Hotchkiss percussion fuse 
is the standard type for the United States service, and 
the Frankford combination fuse is the service type for 
shrapnel. As the Frankford combination contains both 
a time and a percussion fuse, we bave selected it for 
illustration. 

It consists of a bronze body, threaded at the rear for 
screwing into the head of the shell. In the front por- 








tion is the time fuse, and the rear portion contains 


tance. The hole is punched through cover, time: 

train and cone at the 8 mark. The safety-pin is 
then withdrawn and the shell placed in the gun. At 
the moment of firing, the inertia of the time-plunger 
causes its supporting lugs to break, and it falls upon 
the firing pin and explodes the fulminate, the flame of 
which ignites a ring of compressed powder at the rear 
of the annular space within the cone. The flame of 
the burning powder passes through the hole already 
punched through the cone and ignites the time-train, 
which burns for 8 seconds, at the end of which time it 
reaches the powder chamber and ignites the charge. 
The flame from this passes down through the base of 
the fuse and explodes the charge in the shell. 

When acting as a percussion fuse, the shock of dis 
charge causes the percussion plunger to slide to the 
rear, exposing the point of the firing-pin. When the 
projectile strikes, the plunger and pin fly forward, 
exploding the primer. 

At the moment of explosion the steel tube forming 
the body of the shell is ruptured and the balls and 
fragments are scattered, moving on with 





order to explain fully the destructive cha- 
racter of this form of projectile we give 
complete illustrations of a 5-inch Frank- 
ford shrapnel, showing its construction, 
the method of controlling the explosion, 
and the wide area over which its effects 
are felt. 

A modern shrapnel consists of a cast 
iron head and base, a central case, a large 
number of balls and separators, a powder 
chamber, and a fuse which may be set 
to explode the shell at any point in its 
flight or on contact. 

The head, A, which is cored out to form 
a powder chamber, is bored and threaded 
to receive a Frankford Arsenal combina- 
tion fuse. Acentral powder-tube is screw- 
ed into the base of the head and extends 
into the body of the shell, to insure a 
more complete dispersion of the balls and 
fragments of the shell. 

The case, B, Fig. 1, is a short length of 
steel tubing, threaded at each end to re- 
ceive the head and base, and weakened, 
to insure fracture, by several longitudinal 
grooves cut on the inside. Within the 
ease is the “filling,” which consists of 280 
lead balls, O, O, one-half an inch in dia- 
meter, arranged in circular layers and 
held in place by 59 cup-shaped cast iron 
separators (Figs. 2 to 7). The separators 
prevent deformation and motion of the 
balls within the case under the shock of 
discharge, and render the shell more dead- 
ly by increasing the number of fragments. 
The top separator, Fig. 2, has a flat sur- 
face, which bears against the base of the 
head, and the bottom separator has lugs 
which fit in recesses in the base and pre- 
vent rotation of the balls, ete., relatively 
to the shell. 

The base is of cast iron and threaded 
to take the rear of the case; and at 
the point where the two are joined, the 
copper rotating-band is secured on the 
outside of the case. 

Before the filling of separators and balls 
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PHOTOGRAPH OF 10-INCH RE-FORGED HARVEY PLATE AND 6-INCH JOHNSON 
CAPPED SHOT AFTER COMPLETE PENETRATION. STRIKING VELOCITY, 
2,502 FOOT-SECONDS. STRIKING ENERGY 4,595 FOOT-TONS,) 


18821 


the velocity of the shrapnel plus that 
imparted to them by the force of the ex 
plosion. The fragments at once spread 
out in what is known as the “ 
persion,” and the areaof ground on which 
the fragments land will have the shape 
of an irregular oval. Experience has 
shown that the best point at which to 
burst a shrapnel is 6 yards above and 50 
yards in front of the target. 

We present an illustration of the effects 
of a 5-inch shrapnel tried in a govern- 
ment test against a target 30 feet high by 
89 feet wide. The target was 194 vards 
from the muzzle, and to determine the 
penetration of the bullets and fragments, 
the center of the target was increased in 
thickness, as shown in the diagram. The 
destructive results are given in the tables 
on the diagram. 

The Soft Cap for Armor-piercing 
Projectiles. 

The present superiority of shot to 
armor is largely due to the simple ex 
pedient of placing a soft metal cap over 
the point of the projectile. 

We present on this page an excellent 
half-tone engraving of one of the most 
successful penetrations of Harveyized 
armor-plate on record, which was made 
by a Johnson solid shot at the naval 
proving ground. The penetration of 10 
inches of nickel-steel, face-hardened, re 
forged plate by a 6-inch shot, as shown 
at the point marked No. 3 in the engrav 
ing, is in itself a phenomenal perform 
ance; but when our readers learn that, 
after penetrating the plate, the shot 
passed through 12 inches of oak and three 
boiler plates 7, inch thick, and was finally 
found 8 feet back in the sand and prac 
tically uninjured, they will understand 
how complete is the superiority of the 
best type of shot over the best type of 
armor to-day. 

It is a matter of history that, just at 
the time when armor plate makers were 


cone of dis 
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discouraged by the ease with which the gun makers 
were able to penetrate the toughest nickel-steel, Mr. 
Harvey produced his brilliant invention for giving an 
hard face to the plate, and succeeded in 
projectiles at the moment of impact. 


intensely 
suashing up the 
Shots which theoretically should have passed clear 
through a Harveyized plate failed to do so, because 
their points could not hold together long enough to 
break in through the highly tempered face, which was 
made so hard that it could cut glass like a diamond 
point. 

Subsequent to the appearance of Harveyized armor 
the makers of projectiles had been trying to produce 


a shot which should com 


bine the necessary bard a 
ness and toughness to en —_> Py 
able it to split open the s& 
hardened face and hold gG 
together until it had e 
wedged its way through 
the body of the plate it ja 
self. Previous to the year 
i806, a few of the best 
iakers had met with par 

A . 


tial success The Holtzer 


Europe and the Wronaght iron 


Compound 
J aMA 1888 


shell in 
Sterling-Wheeler in this 
country had succeeded in 
breaking up the face; but 
the effort proved too much for the shell, which col- |! 
could get entirely through the plate. 
when the/| 


| ipsed before it 


This has been the case almost invariably 
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| broken through, the shot holds together by 
lits peeuliarly hard and tough composition, 
obtained by a secret process of manufacture. 

Referring again to the photograph of the plate, shot 
No. 2 represents a 6-inch 100-pound Johnson shot 


| 


| 


virtue of | together with diagonal fragments of the base. At 
which is the time when it took place, this was by far the most 


brilliant performance of any shot in any country, and 
it was well calculated to carry dismay into the camp 
of the armor plate makers. Since that time the soft cap 


which was fired with brown powder at a velocity of | has been applied with great success to other projectiles, 
2,100 feet per second. It penetrated toa depth of 8 | and the Wheeler-Sterlings, which hitherto failed to get 
inches and communicated all of its theoretical capacity | through the plate unaided, have made successful pene- 
at that velocity, the rear portion of the shot breaking | tration with the cap attached. 


off and rebounding from the target. Mr. Johnson was 


Incidentally it should be noted that the success of 


confident that if the shot were given greater velocity, the second Johnson shot was only achieved by using 
it would make a clean penetration, and accordingly a|a high velocity, considerably higher than the 2,000 
charge of 28 pounds of torpedo station smokeless | feet per second which is obtained with the standard 


44 


plate Steel. Steel. 
1888 1804. 


powder was inserted for the next round. 
w 
velocity of 2 


= 
& 
Nickel-steel. 
1804 
The upper projectiles are Palliser chilled iron shells, and the lower are chrome steel. 
ATTACK OF 6-INCH ARMOR-PLATE BY 472-INCH SHELLS. 
The shot, | segmental wire gun now in course of construction 


eighing 105°25 pounds, struck the target with a|by the government, and described on page 11 of this 
1.505 foot-seeconds and an energy of 4594°8| issue, will have a maximum velocity with smokeless 


brown powder used for 


a8 United States ordnance. 

. ) Mr. Johnson is asking for 

ve 3,000 feet per second in 

o o@ order to develop the full 


potentiality of his solid 
shot; and it must certain- 


es 


wy ly be admitted that the 
ad introduction of smokeless 
° powder, with its higher 


velocities, would be an ad- 

F vance along the lines which 

Harveyed nickel- are being universally fol 
lowed by the gun makers 

of England and the Con- 

tinent. The 10-inch Brown 


, oe i coals , 
improved, reforged, Harvey plate has been attacked. | foot-tons at a point 21°5 inches normally from the bot-| powder of 8,000 feet per second, and would seem to be 


Che result is shown very clearly in the case of shot 


No. lin the trials mentioned, when an 8-inch Holtzer 


tom and 82 inches from the left edge of the plate. 
The work of the shot, which passed through the plate 


" - . . ss . . = 
shot, weighing 250 pounds, and fired with a velocity | practically uninjured, can best be given in the words | 


of 1,800 feet a second, entered the plate and broke up, 


the point embedded. 


leaving | 


For many months the refor 


itssuperiority, and it looked as though the final victory | the sand, entire, with the exception of one-half of base | 1854 and the American civil war of 1861. 


of the official report : 


the natural counterpart of the capped shot. 
_ —> + + + 
ARMOR-PLATE, 
For the beginnings of the armorplate industry we 


Action of Projectile.—Projectile penetrated plate,| must go back to the two great wars that occurred in 


wed Haveyized plate held | backing, boiler plates, and was recovered 8 feet back in | the middle of the present century—the Crimean war of 


It is true, 


in the long contest between shot and armor was to| broken off diagonally to the bandscore. The remain-|there were earlier and abortive attempts to utilize 


rest with the armor. The 
the artillerist was of 


He placed a cap of soft steel over the | 
and, paradoxical as it 


suceessfual kind 
point of the shot to protect it 
may appear, the soft cap enabled the shot to get 
through 

The part plaved by the cap may best be explained | 


by a simple experiment which can easily be tried by | 95 pounds ; 


any of our readers. An ordinary sewing needle may 


pane WaFeS yam, @ 


<n 
Pts 
a ee eR Baw seamen eet > 


“TT 


_ 


in diameter at the bourrelet 0°15 inch, and in body 0 06 
inch; length decreased 0°49 inch. Two small surface 
longitudinal cracks in the body 55 inches and 2 inches 
long, also two in the head 1°5 inch and 2°5 inches long 
respectively. Four fragments recovered ; total weight, 
weight of the shell proper, 85 pounds. 

Effect on Plate.—Penetration complete ; diameter of 


next move on the part of|ing portion of the shell was in excellent condition, | armor asa protection against the fire of heavy guns ; 
a very extraordinary, but very | with the point whole, the head slightly scored, increased | but it was not until the period mentioned that heavy 


armor began to come into general use and the great in- 
dustry which it has introduced was permanently estab- 
lished. No account, however, of the development of 
armor ‘plate would be complete that failed to make 
mention of the work of John Stevens, of Hoboken, N. 
J.. who carried out long and costly experiments on the 
subject of armor and projectiles, in which it was proved, 








Ali-atee! 


be driven through 
it through a cork until the point is flash with the bot 
tom of the cork, placing it upon the copper eent, pre- 
ferably over an anvil, and giving the head of the 
with a light bammer 
I The 
holds the body of the needle in the line 
s0 that ifs whole force is coneentrated at the point 
The action of the It pre 
serves the integrity of the point of the shot at the 


moment of impact 


needle a sharp tap The copper 


cork 


of the blow. 


vill be eleanly perforated surrounding 


‘ap is somewhat analogous. 


holding the material together until 
More- 
over, the cap becomes fused by the heat of concussion 
and lubricates the point as it enters. After the face is 


penetration through the hard face is effected. 





a copper cent piece by thrusting} 





Nickel steel. 
RESULTS OF THE ANNAPOLIS ARMOR-PLATE TESTS. 


interior for about 3°5 inches 
metal; rest of hole smooth: all 
coated with copper, probably from 
the rifling band. Diameter of splash and flaking 13 
inches, % inch deep. The boiler plate backing was 
star opened to a diameter of 16 inches. 

A comparison of the two euts showing the projectile 
before and after firing will show the wonderful en- 
durance of the shot. The deep scorings on the conical 
head were produced by the jagged “edges of the hard- 
ened armor face, and the twist imparted by the rifling 
is plainly discernible. The corrugated recess at the 
base is the seating for the copper rifling band, which, 


shot hole, 61% inches: 
rough, with fused 
the interior 





as the report states, was sheared off in the shot hole, 
19822 








Compound. 


as early as 1841, that 4-inch wrought iron armor would 
keep out the 9-inch spherical shell of that day. Un- 
fortunately, the commendable work done by Mr. 
Stevens, and embodied in his famous floating battery, 
was not immediately followed up, and we must turn 
to France for the successful beginnings of the armor- 
plate industry. In 1854 the French engineer Dupuy de 
Lome designed the armored frigates “Gloire” and 
‘ Heroine,” and their iron plates, 434 inches thickness, 
were shortly afterward rolled at the works of Messrs. 
Schneider & Company, a firm which has been closely 
identified with the development of armor-plate ever 
since the inception of the industry. The civil war in 
this country led to the construction of the monitors, 
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and the development of armor-plate was carried on | steel shells achieved a complete victory over both the pound Holtzer shells, with a velocity of 2,074 feet per 
with such activity that by the close of the war there | steel aud compound armor. 


were vessels in the United States navy which carried 
armor as thick as 11 and 15 inches in their turrets. 


The next investigations were in the direction of 
finding a substance which could be combined with the 


The armor of that day was built up of half-inch plates | steel to increase its toughness and enable the plate to 


riveted strongly together. 


It was effective against | hold together, even if it should be badly penetrated. 


round shot, but was easily penetrated by the rifled | It was discovered that a certain proportion of nickel 


projectiles that were subsequently intro- 
duced. The solid wrought iron armor, 
which took the place of the laminated 
armor, was, of course, of superior resist- 
ing quality; but it fell an easy prey to 
the Palliser chilled shot, a cast iron pro- 
jectile with a chilled head of great hard- 
ness and resisting quality. 

When the complete superiority of the 

~alliser shot was evident, armor-plate 
makers began to cast about for some 
method by which the hard point of the 
projectile might be broken. Two ways 
of effecting this presented themselves. 
The first was to give up wrought iron 
altogether and adopt the harder material 
steel; the other was to retain wrought 
iron for the body of the plate and devise 
some way of hardening its front surface. 
The object at which all armor-plate 
makers were aiming was to produce a 
plate which would be extremely hard, 
sufficiently so to break up the projectiie, 
and yet so tough that, if the projectile 
should hold together and penetrate, it 
would merely punch a clean hole, with- 
out cracking the plate entirely through 
and knocking it piecemeal from its back 
ing. 

Compound Armor. 

The English adopted what is known as 
“compound armor,” which consists of a 
soft iron back upon which is welded a 
hard steel face. Two methods of manu- 
facture were employed, one by Cammell 
& Company and the other by Brown & 
Company, both of Sheffield. The Cam- 
mell plate was made as follows: A soft 
iron forged or rolled plate was raised to a 
welding heat and a layer of molten steel 
run onto its front face. After the plate 
had partly cooled it was rolled, and the 
steel face farther treated to improve its 
quality. The Brown me*hod consisted 
in placing the steel face av * wrought iron 
back in a furnace, the ne above the 
other, and as soon as they were raised to 
a welding heat, running in molten steel 
between them. 

Steel Armor. 
The first steel armor proved to be too 


[Represents fra 





* Iowa's” 14-inch Harveyized nickel-steel side armot plate mounted thereon. } 


BATTLESHIP “IOWA”—EXPERIMENTAL TARGET STRUCTURE FOR TESTING 


BELT ARMOR. 


ming behind the belt armor of the “ Iowa,” with balbstic test plate B-230,4group No. 21 


second, at each plate, one shell being delivered toward 
each corner of the plate, as shown in the illustration. 
The 6-inch gun was then replaced by an 8-inch gun, 
and each plate received a final biow directly in the 
center from an 8-inch projectile. 

The results were as follows: The four6-inch projectiles 
in every case pierced the Camwmell plate 
cracking and breaking up the hard steel 
face. The all-steel plato fared better, 
none of the shells making a complete per- 
foration, one of them remaining em- 
bedded in the plate and the others re- 
bounding from the plate or being broken 
up bythe impact. The nickel-steel plate 
showed the best results. The first shell 
barely pierced the plate and was broken 
into fragments. The second and third 
shells were embedded in the plate. The 
point of the fourth shell barely got 
through, but the projectile was com 
pletely broken up. A few days later the 
final test was made by firing an 8-inch 
210-pound Firth shell at the center of 
each target. The effect on the compound 
plate was to completely demoralize it, the 
whole of the steel face being brought 
away from the plate; the shell passed 
through both piate and backing. It is 
only fair to add that the soft iron back 
fulfilled its purpose in holding what was 
left of the plate together. 

The all-stee! plate was penetrated, al 
though the shell rebounded and was 
broken up; buat it was badly cracked, 
the fracture running from the 8-inch hole 
diagonally to the edges of the plate, 
The nickel-steel plate again showed its 
superiority, for not only did the shell fail 
to get through, its point remaining em 
bedded, but the plate itself was abso- 
lutely free from cracks, thus demon 
strating its ability to hold together un 
der the terrific attack to which it was 
subjected 

The result of this famous trial was the 
immediate adoption of nickel-steel by 
the United States government as the 
material for all armor plate. 

It will be observed that while the 
hardness and toughness of nickel-steel 
limited the penetration and prevented 
the fracture of the plate, it failed to keep 
out the shells entirely. What was now 
needed was the combination of a tough 
and hard interior body with an intensely 
hard face. This was secured by treat 
ing the nickel-steel plates by the Har 


brittle ; it cracked badly and broke into fragments. | gave the desired qualities, and the nickel-steel plate | vey process of face hardening. 
When its hardness was reduced, however, it failed to| was quickly recognized as the best type of armor yet | 


keep out the projectiles, althongh, taken altogether, it 
was superior to the best wrought iron of the day. An 
endeavor was made to secure the same results as were 
aimed at in the compound armor, by oil-tempering the 
face of the steel plate, thereby securing a hard face 
and tough back in a plate of homogeneous metal. 
The results obtained with both the steel and com- 
pound plates were for awhile very satisfactory, for the 
Palliser chilled shot was fractured and failed to pene- 
trate 

It now became necessary to provide a more effective 
projectile, and a suitable shell was produced by alloy- 
ing a small percentage of chromium with the steel. 


| produced. 





We present an illustration of the notable test which 
was carried out by the United States government at 
Annapolis in 1890, to determine the relative qualities 
of the three types of plate—all-steel, nickel-steel and 
compound. The all-steel plate manufactured by 
Messrs. Schneider & Company, at the Creusot Works, 
was 104¢ inches thick ; the nickel-steel plate, also from 
the Creusot Works, was 10%4 inches in thickness ; 
the Cammell plate 11 inches. The plates were arranged 
tangentially to an are of a circle whose center was oc 





The Harvey process achieved the same victory over 


|the chrome-steel shells that the compound plate ob 


tained over the chilled Palliser shells—breaking up the 
point of the shell at the moment of impact. It is an 
American invention, and takes rank with the Creusot 
nickel-steel as one of the greatest improvements ever 
introduced into the art. The precess consists of plac 
ing the plate in a furnace with only its face exposed. 
Carbonaceous material is then spread over the furnace, 


completely covering the face of the plate. After it 


has been subjected for a considerable length of time 
to a high temperature, the plate is allowed to partly 


cupied by the pivot of the gun. Two guns were used in | cool, after which the face is uncovered and given an in 


P » <a —_ | 
the trial, a 6-inch and an 8-inch, the former firing four 


Chrome steel, which is now the material from which shots at each plate and the 8-inch gun, one shot. 


practically all modern shells are made, has remarkable 


resisting qualities, and from the very first the chrome! with the firing of four 100 





FRONT VIEW OF PLATE-—EFFECTS OF 10, 12, AND 13-INCH SHELLS. 


The trial commenced 





REAR VIEW SHOWING 


tense hardness by the application of cold water. 


A further improvement on the Harvey process con 





HOLE MADE BY 13-INCH SHELL—SHELL, RECOVERED 


AFTER FIRING, SHOWN IN FRONT OF PLATE, 
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sists in reforging the plate after it has been face-hard- 
heating it and subjecting it to hydraulic 


The density and toughness of the plate are 


ened, by 


pressure. 


greatly increased, and these qualities, combined with | 


the intensely hard face, produce a plate whose resisting 

qualities, in proportion to its weight, are greatly aug- 

mented as compared with the early Harveyized plates 
Test of Belt Armor of Battleship “Iowa.” 

The question has been asked whether, even suppos 
ing the plate should keep out projectiles, the framing 
of the ship would prove equal to holding up the plate. 
We present three views of the test of a full sized target, 
representing the side armor, backing and frame of the 
Four ehots were fired at the 14-inch 


battleship “ lowa.” 


nickel-atee plate, w ith the reaults shown in the illustra- armor-piercing shot, 
Shot No. 1, from a 10-inch gun, penetrated 3°¢ | a soft steel cap and weighed 851 pounds. 
2, also a 10-inch shell, | plate at an angle of 21° from the normal, at a point 


tions 


inches and was shattered No, 2 


strack with a velocity of 1,856 feet a second and energy ! about 3 feet from the left edge and 3 feet from the top 
of 11,954 foot-tons, and penetrated 11 inches, the head | of the plate. It will be noticed that the angle of im- 
eracks developed in the plate.| pact was very large, and when the shot struck the 
The third shell, fired from a 12-inch gun, struck with] plate, instead of following the line of fire, it turned 
rhe shell penetrated 17 | sharply to the right and passed entirely through the 
up, the plate being cracked through | plate on a line nearly normal to its surface. 

The shot broke up in foreing its way through, the 
It passed | larger pieces going through the covering plate on the 
through the entire target and was found buried 12 feet | rear side of the turret, piereing the backing, smashing 


being welded in No 


an energy of 19,114 foot-tons. 


inches and broke 
bottom 


from top te Shot No. 4 was from a 13-inch 


gun. Its striking energy was 24,736 foot-tons 


in the sand at the rear 


eut) was shortened 3 
ereased % inch in diameter near the head. As the 
plate stood 


| 





| 


inches. 


The second shell struck the turret at an angle of 74¢° 
This projectile penetrated 11}¢ 
One armor bolt was broken and 

The adjoining cast iron plate 


from the normal. 

inches and broke up. 
driven into the turret. 
to the right 
channel irons of 
extent of one inch. 


the framework 


was buckled to the extent of 3 inches. 
itself was carried to the rear a distance of 744 inches, 
| and was also turned about its axis slightly. There was 
| no distortion of the structure considered as a whole. 

The third shot was a Johnson fluid-compressed steel 
12 inches in diameter. 


The shel! (shown in the third | off a large portion of the rear cast iron plate, and finally 
inches by compression and in-| going into the woods behind the target. 
The destructive effect of the shot is shown very | 


moved backward on its rollers for a distance of 1% 


was slightly displaced. 
were buckled to the 
The splinter bulkhead to the left 





this issue. 


The horizontal 


The turret 


lost. 


It carried 
It struck the 
armor. 


coal and sulphur. 








the test of the 
two 10-ir h 
shells w 
cracking or 
complete per 
foration, the 
lot which it 
represented 
were accepted 


ithnoat 


The stractuar 
al efficiency of 
the framework 
of the ship was 
fully 
strated by its 


demon- 


good eondition 
at the close of 
the trial 


Teast of the Tur- 
ret of the Bat- 
tleship “ Mas- 
sachusetts.” 
Another test 

f a full sized 

target, similar 

to the forego 
was 
in the 


1ROG 


ing car 
ried out 
fall of 
to determine 
stroctural 
of the 


the 
strength 
turrets which 
earry our 13 

+h guns. It 
was consider al 
idvisable to 
learn what the 
secondary ef 
1 be 


if atuorret were 


feets won 
EXPERIMENTAL TURRET 
struck square 
it at 

quarters by one of the 


fhe turret distorted, or it was possible that 


might be 
it might 
| 


hydraulic or otherwise, for 
the 


ease the elaborate wear. 


turning the turret and working guns would be 


disabled 
The turret 

i3-inch turrets of 

only one steel plate (inserted to test its quality) was 


the Massachusetts,” 


used, east iron plates of equal weight being substituted 


for the others 


and it was mounted upon rollers laid on a circular| strains that could come upon it under fire. 
| that the turret as a whole moved as much as 9 inches | 
was one which had | under the energy of the shot raises the question of the 
sufficiency of the means adopted to hold the turrets of 
As at present constructed, 
the tendency to translation of the tarret is resisted by 
the flanges of the steel rollers upon which it revolves, 
and it was estimated at the time by Admiral W. T. 
Sampson that these flanges present an ample margin of 
strength to resist the shearing action to which they are 


path of wrought iron plates 


The experimental steel piate 


already been used in experimental tests, and had sue 


cessfully resisted two heavy armor-piercing shells, the | our battleships in place. 


points of which were embedded within it. In the pres 
ent experiment three rounds were fired, as per the ac 


companying table : 


Round 1 Roand 2. Round 3. 
Gun 10-ineb 12-inch. 12-inch. 
Projectile YO pounds §O pounds. 851 pounds 
Velocity 1.683 foot seca 1,701 foot-ccece 2,000 foot seca 
Energy 0.228 foot-tone. 17.080 foct-tons. 23.086 foot-tones 
The first shell, a 10-inch Wheeler-Sterling. broke 


upon the plate with a penetration of 944 inches. The 
point of impact was 144% inches from the top of the 


of impact above mentioned. 





| 
was built up as an exact duplicate of the} 





\ 


OF THE BATTLESHIP 


numerous deep gouges and scars caused by the flying 
structure over an area of 4 
square feet where the shot struck was badly wrecked. 
This impact moved the turret 9 inches to the rear, in 
except that/|a direction making an angle of nearly 8° with the line 
of the movement in the two previous impacts. 
revolved around its center to the left through an angle 
Dead weight was placed within the|of 2°. The result of the test proves that the framing of 
structure to represent the guns, mounts and machinery, / the turret has ample strength to resist the heaviest 


f 


“ MASSACHUSETTS "’ 





EXIERNAL VIEW, SHOWING COMPLETE PENETRATION 


OF 15-INCH, HARVEYIZED, NICKEL-STEEL PLATE. 


largest modern projectiles. | graphically in the accompanying illustrations, 
interior vertical covering plates on the opposite side of 
be moved bodily upon ite supports, in which | the turret were pierced with eighteen holes and showed 


ragments. The turret 


subjected. 


Referring again to the photograph showing the de- 
struction wrought in the interior of the turret by the 
flying fragments of the successful shot, it is evident 
that, had the turret been occupied by actual guns and 
gun crew, the gun itself and the larger part of the crew 
plate and 2 feet to the left of the second of the points! would have been disabled. 
The whole turret was successful penetration was effected in spite of the fact 


It is also noteworthy that 


The! breech of the gun. 


of a 38-ton muzzle-loading gun. 
It also | follows : 


Breech. 


that the shot struck at a high angle of incidence, and 
there is no doubt but what it was largely due to the 
action of the soft steel cap, as explained elsewbere in 


In coneluding this chapter on armor-plate we draw 
attention to the fact that nowhere in the great indus- 
trial field which is devoted to the manufacture of war 
material has this country achieved a more brilliant 
success than in the construction of armor-plate. 
Annapolis tests fairly revolutionized the art, and the 
pre-eminence achieved at that time has never been 
Too great praise cannot be given to Harvey, 
Corey, the naval and army experts, and our great ar- 
mor-producing firms, such as the Carnegie and Bethle- 
hem Companies, for the uniformly excellent results 
which continue to attend the trials of American 


The 


2-0 = _______- 
SMOKELESS POWDER. 
GUNPOWDER,in the shape of the common powder 
with which we are all familiar, is a more or less perfect 
mechanical mixture of three substances—nitre, char- 
The proportions vary slightly in 
different powders; but usually they are 75 parts 
nitre, 15 parts carbon and 10 parts sulphur. 
these materials are ground and thoroughly 
so that the different molecules are brought into close 
association with each other and are ready for instant 
combination, the result is an explosive which only 


When 
mixed, 


needs the pres- 
ence of heat for 


its action. 
Previous to, 
and at the 


time of the 
civil war, gun- 
powder was 
pretty much 
the same in its 
appearance 
and action as 
it had been 
through all 
the centuries 
which had in- 
tervened since 
its discovery. 
The only im- 
portant change 
was to form the 
powder (as first 
used it was a 
dust) into 
grains; but the 
grains were 
very fine, and 
the combustion 
was sudden, 
giving ineon- 
veniently high 
pressuresin 
the gun. 
When a 
charge of com- 
mon black 
powder is ig- 
nited, the 
whole of it is 
instantly con- 
verted into gas, 
producing an 
extremely high 
pressure at the 


As the shot moves through the 
bore, the pressure falls rapidly, owing to the increased 
volume of the gas, the pressure just as the shot 
leaves the muzzle being quite insignificant. 
was proved in an experiment made some years ago, 
in which the actual powder pressures were taken 
by gauge at each foot of the bore during the firing 
The pressures were as 
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to 7 of a ton to the square inch. 





It will be seen that the first four or five feet of the gun 
are subjected to excessive pressures, whereas the pres- 
sures on the last six or eight feet were exceedingly light. 
It is this unevenness of pressure that explains the bulky 
appearance of the early guns at the breech, and their 
short length, as compared with our modern rifles. 
There was no object in prolonging the bore of a gun 
beyond a point where the effective pressure had fallen 


It is evident on looking at the above table that if the 
pressure were more evenly distributed along the bore, 
the same velocity might be obtained with a gun of 
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much lighter or more uniform construction. If, for 
instance, the powder could be converted into gas be- 
hind the shot gradually, the last of the powder being 
burned as the shot reached the last foot or two of the 
gun at the muzzle, it would be possible to produce a 
full “‘indieator card,” if we may use the term, and main- 
tain a moderate and uniform pressure throughout the 
bore. 

The credit for solving this problem is due to Major 
Rodman, of the United States army, who found that 
the rate of combustion could be controlled by varying 
the size of the grains and increasing their density. He 
used large grains for large calibers and varied the size 
with the guns, In the form of dust, the old powder 
burns with great violence, but in the form of cubes, 
spheres, hexagons, ete., it burns progressively. The 
explanation lies in the fact that combustion takes place 
on the exterior surface of the grains, The total surface 
of agiven bulk of powder will vary with the fineness 
of the granulations—being less, the larger the grains. 

The improvements introduced by Rodman enabled 
him to build successful cast iron guns of the extreme 
caliber of 20 inches. The ideas which he introduced 
have exerted a powerful influence upon the art, and to 
this talented officer is due much of the credit for the 
efficiency of modern powders and modern breech-load- 
ing rifles. 

The powder at present in use (though shortly to be 
superseded) in our larger guns is known as brown 
prismatic, so called from its color and form. It is a 
dull chocolate in color, and, as will be seen from the 
accompanying illustration, it is made 
up into hexagonal prisms, which are 
about 1 inch high and 1°4 inches be- 
tween faces. Each prism is perforated 
with an axial hole. Although the 
main ingredients are the samme, the 
proportions have changed from those 
of the black powder. It contains 81°5 
per cent of nitre, 15 5 per cent of char- 
coal and 3 per cent of sulphur. The 
field and siege guns use a smaller 
grained powder, the grains being of a 
spherical shape, with a hexagonal 
band formed around them. The hex- 
agonal powder, with grains whose 
shape is that of two hexagonal pyra- 
inids joined base to base, is used in the 
8-inch converted rifle of the kind shown 
on the fourth page of this issue. 

Although the modifications above 
mentioned greatly improved the action 
of the powder, they introduced certain 
disadvantages. The charge was rela- 
tively larger, occupying a greater 
length of the bore and reducing the 
travel of the projectile. This necessi- 
tated a longer gun, and hence the cost 
both of gun and powder was consider- 
ably increased. Moreover, the new 
powder produced excessive volumes of 
sinoke. 

In the search for some more suitable 
powder, it was inevitable that the high 
explosives should. attract the attention 
of artillerists, and among these the 
best known and apparently the most 
available was guncotton. 

Manufacture of Guncotton. 

For the manufacture of guncotton in 
the factory established at the naval torpedo station 
and war college (Fort Wolcott) in 1883, the cotton used 
is cop or weavers’ waste, which is received in bales of 
about 500 pounds each (Fig. 2). The bales are opened, 
and the cotton is picked over and placed in the cotton 
boiling tabs, about 200 pounds in each tub (Fig. 3), to 
which is added about 250 gallons of water and 35 pounds 
caustic soda. The cotton is boiled in this solution for 
eight hours, then drained overnight; it is then boiled 
for eight hours in clear water, again drained, and then 
thoroughly washed in a centrifugal wringer or ex- 
tractor. It is thus freed from oil and other impurities. 

It is then spread on the wire netting shelves of a 
suitably arranged dry room, through which hot air, at 
about 180° F., is circulated, and is sufficiently dried to 
be picked. 

The cotton as received in the bales is full of knots 
and rolls, and the boiling adds to them. To prepare 
it for conversion into guncotton, it is necessary to take 
them out, that the acid may penetrate easily and 
quickly through all parts of it. To accomplish this re- 
sult, the cotton is passed through a picker—a wachine 
common to all cotton factories (Fig. 5). 

Having been opened out by the picker, it is dried as 
thoroughly as possible. This is done by placing it in 


the wire-netting-bottomed drawers of a specially con- 


structed drier. 

When dry the cotton is stowed away in powder tanks 
(Fig. 7), so that it may be conveniently handled, and 
also kept dry. It is now ready for the conversion pro- 
cess, 

This is carried on in the dipping room, which is 
fitted with east iron dipping troughs, located in a tank 











of running water, preper cooling troughs, and acid 
reservoirs. The acid used is received already mixed, 
contained in iron drums of about 1,200 pounds capacity. 
The mixture is, as nearly as possible, one part by 
weight of pure nitric acid of 1°5 specific gravity to three 
parts by weight of pure sulphuric acid of 1°85 specific 
gravity, and costs 344 cents a pound. As in the con- 
verting and the two succeeding steps of the purification 
process a great deal of acid fumes is liberated, the dip- 
ping and two following pieces of apparatus are con- 
nected with a fan, to take it up and drive it out. The 
prepared cotton is brought to the dipping room on 
the railway running through the factory. The dipper 
fills the troughs with acid and arranges his tools for 
use. The helper weighs out a pound of dry cotton, 
with which he approaches the dipper, and, pitching 
about a third of it into the acid (Fig. 8), the latter sub- 
merges it with a steel fork, made for the purpose, and 
so on, until the first trough is charged with the pound 
of cotton. The other three troughs are similarly 
charged. When about ten minutes have elapsed, the 
dipper returns to the first trough, and with the fork 
gathers the guncotton out of the acid and puts it on 
a grating at its further end, and there squeezes the sur- 
plus acid out with a hand press (Figs. 9 and 10), By the 
time this is done, the helper has placed a stone jar, into 
which the two place the guncotton from the first 
trough. The helper presses it down in the jar, puts a 
cover over it, and sets it in a cooling trough. The dip- 
per replenishes the acid, and the trough is charged 
with cotton as before, and so on, until the day’s dip- 





INTERNAL VIEW, SHOWING PENETRATION AND DESTRUCTION OF REAR WALL 
OF TURRET BY FLYING FRAGMENTS OF THE SHOT AND ARMOR. siamed shesd tron servic terpenes, 


ping, about 110 pounds, is finished. The jars are left 
in the cooling troughs overnight, so that their con- 
tents may thoroughly digest, and there remain no un- 
converted particles of cotton (Fig. 12). 

From the cooling troughs, the guncotton is taken to 
a centrifugal wringer, two jars at a time, in which the 
acid is extracted and caught in a drum (Fig. 13). 

The guncotton, having been approximately freed 
from acid, is taken to the immersing tub, in which 
washing out the free acid is begun (Fig. 14). 

The gunecotton is taken out of the immersing tub, 
and thoroughly washed in a centrifugal wringer, and 
then placed in a guncotton boiling tub, where it is 
boiied in fresh water, and 10 pounds of carbonate of 
soda, for eight hours. It is then drained, and thoroughly 
washed in a centrifugal wringer, and boiled again for 
eight hours, in fresh water, and again drained and 
washed as before. 

After the second boiling and washing, it is taken to 
the pulping machine (Fig. 15), which is similar to the 
machine used in paper mills for pulping paper stock. 
In this machine, which is suitably filled with water, it 
cireulates between the knives until pulped to about 
the fineness of corn meal. 

From the pulping machine it is drawn off into a 
poacher, which is a large oval tub provided with a pad- 
dle-wheel in the middle of one side, working just clear 
of a platform with inelined approaches (Fig. 16). The 
pulp and a sufficient quantity of water being in the 
poacher, its paddle-wheel is made to revolve, which 
causes both pulp and water to circulate, and the latter 
to wash the former. After an hour’s washing the pad- 
dle-wheel is stopped, upon which the guncotton settles 

atid 








to the bottom. The soiled wash water is drawn off by 
means of a telescopic pipe at one end of the poacher. 
Fresh water is added, and the cleansing continued until 
the washing water ceases to becowe soiled. The gun- 
cotton is then supposed to be clean and without free 
acid, 

A sample is taken from the bottom of the poacher 
and submitted to the solubility test, to determine what 
percentage of soluble guncotton it contains, which must 
be less than ten per cent. The lower orders of guncot 
ton are soluble in a solution of one part aleohol and two 
parts ether, and by means of this solution the test is 
made. It is then submitted to the heat test, to de- 
termine whether any free acid remains, To make this 
test, small quantities of the sample, thoroughly dried, 
are placed in test tubes which are filled in a hot water 
bath, carrying a suitabie thermometer, The mouths 
of the test tubes are closed with corks, under which are 
suspended pieces of iodide starch paper, which has been 
very carefully prepared. The bath is heated to 150 
Fah., and the guncotton must bear this temperature 
for not less than fifteen minutes without turning the 
test paper brown, 

Having passed the tests, the next step is to prepare 
it for service use. To every poacher full of it there 
is added 8 pounds precipitated chalk, 8 pounds 
caustic soda, and 300 gallons of lime water. So forti 
fied with alkali, itis pumped into what is called the 
stuff chest, a round tank with a vertical shaft, car 
rying feathers to keep the pulp agitated and mixed 
with the water (Fig. 17). 

The guneotton being in the stuff 
chest is drawn thence and moulded, 
or pressed into shape for compressing, 
which is accomplished by means of a 
hydraulic press arranged for the pur 
pose. Knowing the size of the com 
pressed block desired, it is determined 
by experiment how mucli of the pulp 
is necessary to produce it, increasing 
or decreasing the length of stroke of 
the press pistons, then the moulding is 
proceeded with. The standard gun 
cottoa block for naval use is 2°0 inches 
square and 2 inches high (Figs, 20 and 
21), to produce which the moulded 
block must be 2°8 inches square and 
54g inches high (Fig. 19), moulding at 
a pressure of 100 pounds to the square 
inch. 

From the moulding press the blocks 
are taken to the final press, which is 
oue of Sellers hydraulic presses with 
an 18-inch ram (Fig. 18). In the re 
ceiver of this press the moulded blocks 
are placed between two perforated 
steel plates, a traveling block is then 
hauled over and the pump started, 
which forces up the ram and the pis 
tons on top of it, which acts on the gun- 
cotton in the receiver, The naval ser 
vice guncotton is compressed at three 
tons to the square inch, and leaves the 
press with from 12 to 16 per cent of 
moisture, which is increased to about 
85 per cent before issue to the service. 
It goes into the service packed in the 
standard tin exercise torpedoes and 


which are capable of being made water 
and air tight, and have the necessary fitments for fill 
ing, fusing, and being attached to spars preparatory to 
explosion (Figs. 22 and 23). 
Manufacture of Smokeiess Powder. 

The early attempts to substitute guncotton for com- 
mon powder failed because of the tendency of the gun- 
cotton to detonate, instead of burning with that slow 
combustion which, as we have seen, is necessary to give 
the best ballistic results in the gun. Having in view 
the excellent slow-burning results obtained by varying 
the form and density of common powder, the same 
principle was applied to the preparation of the gun- 
cotton. It was formed into strands, or mixed with 
untreated cotton, or compressed into blocks; but as no 
attempt was made to essentially modify its physical 
condition, the fibrous texture of the guncotton allowed 
the flame to pass throughout the whole mass, instantly 
converting it into gas, with destructive effects on the 
gun. ‘ 

About the year 1884 it was discovered that nitro- 
cellulose or guncotton has a valuable property which 
does not characterize the pure cotton; namely, that it 
is capable of being dissolved by various substances, 
such as acetone (a fluid somewhat resembling alcoho!) 
or a wixture of alcohol and ether. If guncotton is 
dissolved in acetone and the solution evaporated, there 
is obtained a solid, somewhat translucent subsiance, in 
which the fibrous form of the original guncotton has 
disappeared. It burus at a regular rate on its exterior 
surface, and it is dense enough to resist penetration by 
the flame. 

Smokeless powders may be broadly distinguished, as 
far as their composition is known to the public, into 
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those which are prepared entirely from guncotton and | 7 evaporated by passing a current of warm air over the 
those which are made from guncotton and nitro-glycer- | | ganeotton as soon as it has reached a gelatinized con- 
The United States navy prefers the smoke less | dition, and the vapors are condensed for further use. 
Those in use by the | The residue, which is now in the form of a sheet, more 
or less porous, is next subjected to pressure to give it a 
uniform density, and squeeze out any bubbles that 
may have formed during evaporation. It is then rolled 
toa uniform thickness. The product isa horny sab- 
stance, incapable of being formed into grains. The 


Ine, 
powders of the nitro-cellalose type. 
army contain about 25 per cent of nitro-glycerine. 

In the of smokeless 
powder, the gunecotton is first dissolved by pouring a 


manufacture nitro-cellulose 


great care being taken that no 


The 


suitable soivent over it, 


undissolved fibrous lumps remain solvent is 


Rin: 


AMERICAN SUPPLEMENT. 


desired shape is given by cutting it into specified forms, 
or by squeezing it through dies when it is yet in the 
pasty condition. 

The material is then dried slowly and at a low tem- 
perature, and the product, which is of a light straw or 
dull chocolate brown color, is commercial smokeless 
powder. 

The smokeless powders produced by uniting nitro. 
cellulose and nitro-glycerine, such as ballistite, cordite. 
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pots in cooling trong 13 
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ation of U. 8. guncotton factory. 2 Bale of cop, or weaver's waste. 
dipping 8. Dipping in mixed acid—eulpbaric (3) and nitric (1). 
Centrifagal acid extractor, 14 Immersing tab and wringer. 

‘cotton block compressed for service use. 22. Exercise torpedo. 


3. Boiling room. 
9. Pressing out mixed acid. 
15. Pulping machine. 
23. Service torpedo. 


16. Poachers. 
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4. (1) Drying room, temperatare 180° F. 5. Picking machine. 6. (2) Drying room, temperature 
10. Potting in digesting pots. 11, Earthenware acid holders, or reservoirs. 
17. Staff chest and moulding machine. 


12. Digesting 


18. Hydraulic press. 19, Guncotton block 


UNITED STATES GUNCOTTON FACTORY AT TORPEDO STATION, NEWPORT. 
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Maximite and Leonard action of the combustion 
powder are extremely pow- of this powder in the 
erful, but perhaps not so gun, 

reliable as the all-nitro- It will be seen that two 
cellulose powders. Ballis- kinds of perforations are 
tite, used in Gerimany and employed, those in the ey! 
Italy, is the invention of 
Alfred Nobel. This was 
the first successful com 
bined guncotton and ni 
troglycerine powder. Cor- 
dite, the English service 
powder, the invention of 
Abel and Dewar, is similar 
to ballistite, and both em- 
ploy a very large percent- 





inder to the right being 
circular, and those of the 
opposite eylinder being 
quadrilateral in section, 
with two sides radial to 
the center of the cylinder 
The latter form was adopt- 
ed to secure a more even 








and complete combustion 
of the powder. That this 
age of nitro-glycerine. A is done is shown by com 


slowing agent,” in the paring the bulk of the solid 


shape of 10 to15 per cent 
of vaselin, is used in the 


sections which remain in 
the two types of powder 
grain, 

We subjoin the results 
of tests carried out by the 
United States mavy at 


manufacture of cordite. 
The American powder, 
known as the Leonard, con- 





sists of guncotton, nitro 





glycerine and a slowing FIRING A VOLLEY WITH COMMON POWDER. Sandy Hook and Indian 
agent. The Peyton pow- Head proving grounds 
der consists of 38 per cent With 11°75 pounds of this 
of nitro-glycerine, 40 per [ = powder fired in a 5-inch 

rifle of the United States 


cent of guncotton, and va- 


rious other substances. . 


navy, a velocity of 55G 
feet per second was ob 
tained with an initial pow 


der pressure of 84,900 


The smokeless powders, 
because of the small quan- 
tity of the solid products 
of combustion and the 
great volume and high 


pounds per square ineh 
With 11 pounds of the 


temperature of the gases, saine powder fired in a4 


enable the artillerist to inch breech-loading field 


gun, the high velocity of 
2.839 feet per second was 


obtain velocities far in ex 





eess of those obtained by 


the use of the old powders: obtained with a powder 


and they lend themselves pressure of 37,756 pounds 
to the formation of powder per square inch. The pow 
grains which insure a very 


perfect control of com 


der consists alinost wholly 
of guncotton and contains 


bustion. By referring to about 9 per cent of nitro 


the illustration of the 
Maxim-Schupphaus and 
the United States service 
powders, it will be seen 


glycerine 
Now compare these 
pressures and _ velocities 





with those already refer 


that the grains are of red to as obtained with 
- 


various shapes and multi 
perforated in various pat 





the old quick-burning com 
mon powder in the 38-ton 








terns. The object of the ne 

perforation is to regulate the burning area, er = v , 7 =| | 

so that only a desired initial pressure is ob- fr ee ? . ; Eee 2. t mK Type of gun. | Caliber.| Powder. Max. Muzzle 
tained, and the powder is consumed with + — ee) Ss — ee 
such increase of burning area as to maintain |b Muzzle londer| 25 | Common "same : ce 
a practically equal pressure behind the pro- we Breech-loader) 4°7 |Smokeless 37,756 2,889 
jectile throughout the gun. ra 


The smokeless thus shows over twice th: 


It is evident that solid cylinders of powder 
velocity for only two-thirds the initial pre» 


would decrease in area as they burned, and | 
there would be a corresponding decrease in 
the amount of gas given off. If, however. 
the cylinder burns up on the interior by 
means Of suitable perforations, the burning 
area and therefore the volume of gases pro- 
duced will increase. This action is illus- 


sure in the gun, 

To these extraordinary advantages are to 
be added the reduction in weight and the 
absence of smoke. The reduced weight fa 
cilitates the operations of handling and 
loading. To prove the advantages of a 
smokeless discharge, it is sufficient to point 
to the operations of the present war, wher 


trated in the engraving, showing some un- 
burned and partially burned grains of 
Maxim-Schupphaus smokeless cannon 
powder. The partially burned grains 
were picked up in front of the gun after 


our ships have been terribly hampered by 
their own smoke, and in many cases hav: 
had to cease firing until it cleared awa: 




















some experiments in firing powder from a ae % : . a We are glad to learn, however, that a sati> 
gun too small for the grain of powder ee eee , ____ he factory type of smokeless powder has re 
employed. They illustrate very clearly the MAXIM-SCEUPPHAUS POWDER BEFORE AND AFTEK Fid ING. cently been adopted for both ar ny apd 
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Dupont Smokeless, Dupont Smokeless, Brown Prismatic (not smokeless). Peyton Smokeless, Tafiin & Rand Smokeless, for 32- 
for 12-inch rifles. for 10-inch rifles. Cordite (smokeless) for 4°7-inch rifles. for 6-pounders. inch fleld-gan, siege-gun and howitzers, 


PHOTOGRAPH SHOWING FORM AND RELATIVE SIZE OF ARMY SMOKELESS POWDERS. 
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navy, and that some of our later ships are entirely 
supplied with it. It is sincerely to be hoped that every 
effort will be made to substitute it altogether for the 
obsolete brown powder with which we are handi- 
capped in the present war 
+04 & 
DYNAMITE GUNS. 

THE recent successful attempt of the dynamite cruiser 
“ Vesuvius” to use her pneumatic guns in actual war- 
fare has reawakened the profound interest which was 
excited when Zalinski first introduced these weapons 
to public notice. The “ Vesuvius” has proved that she 
can throw 500 pounds of high explosive into an enemy's 
fortifications, and, judging from the reports which 
have so far reached this country, the charges proved 
exceedingly The prejudice which has 
existed against the dynamite gun when mounted 
on @ warship is based on the great risk to which 
the vessel is exposed by the dynamite being ex- 
ploded by the enemy's shells. The risk is undoubtedly 





destructive 


ing, which automatically tightens with the increase of | the opposite page, consists of a head, a central body- 
pressure. The trunnions, which are hollow, communi-| tube containing the charge of dynamite, and a tail 
cate with an annular air space surrounding the barrel which carries the vane for giving the proper rotation 
between them and the breech. They turn in boxes | to the shell, Three separate fuses are used, one in the 
whieh support the barrel and at the same time serve head, which acts on immersion ; one in the base, which 
to convey air to the trunnions in whatever position acts only on impact with a solid target ; and one for ex- 
they may take. These boxes communicate by means) ploding the charge after sinking to the bottom, in case 
of a swing joint with a cross pipe connected with the | the immersion fuse in the head should fail. 
firing reservoirs located on opposite sides of the gun. The extreme length of the gun is 50 feet and its total 
The trunnion joints, as well as the swing joint, are pro-| weight 40 tons. The total weight of the full-caliber 
vided with packed bearing surfaces, which may be re- | projectile is 1,000 pounds, the explosive charge alone 
moved for inspection or repacking without disturbing | weighing 500 pounds. The range at 35° elevation 
other portions of the gun. | with the large projectile is 2,400 yards ; with a 10-inch 
The elevation is secured by means of a bronze ele- | subcaliber projectile weighing 500 pounds it is 4,400 
vating are attached to the ander side of the gun, | yards ; with an 8inch subealiber projectile weigh- 
within the carriage, and concentric with the trunnions, ' ing 340 pounds the range is 5,000 yards; and with a 
which is engaged by a worm operated by an electric 6-inch subcaliber projectile weighing 240 pounds the 
motor. For traversing the gun the fixed base of the| range is 6,000 yards. The weight of the explosive 
carriage is provided with a circular rack engaged by a| charges in the subcaliber projectiles named would be 
pinion, also driven by an electric motor. respectively 200 pounds, 100 pounds and 50 pounds, 








ee 


ra 


i 


| 

































a 





/, 


fi) Wi === \S 


Sh, 


15-INCH PNEUMATIC DYNAMITE GUN, AS INSTALLED AT SANDY HOOK, NEW YORK, AND THE 
Range, with 1,000-pound shell, 2,400 yards; with 240-pound shell, 6,000 yards. 


great, and a dynamite cruiser is certainly in danger 
hoist with its own petard.” 
When mounted on shore, however. and sheltered be- 


during a conflict of being 


hind earth and concrete varapets, the dynamite gun 
becomes a far less risky weapon, while retaining ali of 
its tremendous offensive powers. The shells can be 
stored in magazines where they are absolutely safe from 
hostile fire. and the hich angle of elevation at which 
it is fired enables the gun to be placed well down be- 
hind the shelter of the parapet 

One of the important elements in our system of coast 
defence is the Zalinski dynamite gun, of which several 
have been mounted at various points on our long coast- 
line. The accompanying euts represent the great 15- 
inch, 40-ton Zalinski gun with improvements by Capt. 
Rapieff, as erected at New York and San Francisco. 

The gun, which is necessarily smoothbore. is made 
of cast iron in several sections, which are bolted to- 
gether, forming a tube having a length of fifty feet 
and an internal diameter of fifteen inches. The joints 
are all provided with « very efficient system of pack- 





| by hand power. 





Besides these means of elevating and training the 
gun, the shafts are prolonged through the walls of the 
carriage to receive cranks for maneuvering the weapon 


The gun is provided with a quick-closing breech 
piece, which packs itself automatically as soon as the 
air pressure is exerted upon it. The main firing valve 
is operated by air pressure controlled by an auxiliary 
valve, seen in the engraving at the top of the breech 
of the gun, and this valve in turn is controlled by an- 
other located at the trunnion and operated by the 
gunner, who occupies the platform at the left side of 
the carriage. 

The air is compressed to 2,000 pounds in a separate 
building, at some distance from the gun, and stored in 
reservoirs at that pressure. From these it is led to a set 
of tubes located in a subway beneath the gun. founda- 
tions. The pressure is maintained in these tubes at the 
firing pressure of 1,000 pounds to the square inch. 

The projectile, which in outward appearance is simi- 
lar te the projestile of the Sims- Dudley gum, shown on 

Mere 
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ENTRANCE TO SAN FRANCISCO HARBO 


In the official test of the three 15-inch guns near Fort 
Winfield Scott, San Francisco, it was required that 34 
per cent of hits should fall within a rectangle measur- 
ing 360 feet by 90 feet, at a range of 5,080 yards. In 
the actual test 75 per cent of the shots fell within this 
rectangle, and a rectangle of 210 by 156 feet would 
have contained them all. 

This test was made with shells charged with 100 
pounds of explosive, the composition of which was: 
nitroglycerine, 87 per cent; guncotton, 7 per cent ; 
camphor, 4 per cent; carbonate of magnesia, 2 per 
cent. 

In the same tests two shells of this size were fired from 
different guns at a hillside 3,700 yards distant across 
the harbor entrance. They struck 61 feet apart. The 
craters formed in the soft red rock by the explosions 
were bow]l-shaped, one being 20 feet diameter by 4 feet 
deep and the other 30 feet diameter by 6 feet deep. 

It will be interesting to learn just what effect was 
produced by the 500-pound shells fired by the ‘‘ Vesu- 
vies” against the Santiago forts, 
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SIMS-DUDLEY PNEUMATIC GUN. 

THE Sims-Dudley pneumatic gun, 
popularly but erroneously known 
as the “‘dynamite gun,” represents 
another successful solution of the 
problem of a safe and effective 
method of firing high explosives. 
To fire high explosives in shells, it 
is absolutely necessary to start the 
shell, containing not only the high 
explosive but also the far more 
sensitive primer necessary to its ex- 
plosion, without shock or rise in tem- 
perature, and also to immediately 
follow up the shot by the continued 
application of a comparatively low 
pressure through a sufficient dis- 
tance to impart the momentum ne- 
cessary to project it to the desired 
range. This is accomplished in the 
gun under consideration by com- 
pressing air in a separate cylinder 
below the gun by the explosion of 
a charge of gunpowder, and com- 
municating the air pressure thus 
produced to the base of the pro- 
jectile in a firing tube. 

A brief deseription of the gun 
shown is as follows, reference be- 
ing made to the two cuts which 
show the weapon mounted on a field 
carriage and also in battery. The 
gun consists essentially of two tubes, 
one placed above the other. The 
upper tube is the longer, and is 
known as the projectile tube. It is 
of a composition metal specially 
manufactured for this purpose, 
possessing a tensile strength of 
about 80,000 pounds to the square 
inch. The diameter of the bore of 
this tube in the smaller gun is 24% 
inches, and its total length is a 
little short of 14 feet. It is smooth- 
bore, the rotation of the shell being 
assured by a vane on the projectile. 

Below the projectile tube is the 
expansion or combustion chamber, 
which consists of a tube of steel 44¢ 
inches diameter and 7 feet long. 
This tube is directly connected to 
the projectile tube by openings at its rear end and at 
thetop. It isalso provided atits rearend with an inner 
firing tube which projects into the outer tube for a 
short distance. The projectile tube and the combus- 
tion chamber are each provided with a breech-mechan- 
ism of approved form, adapted especially for use in 
this gun. 

In firing, the breech-mechanisms are thrown open 
by a single motion, the loaded projectile placed 


in the projectile tube, and an ordinary car- 
tridge shell, containing 7 to 8 ounces of smoke- C4=r ms) G 
less powder, inserted in the firing tube. The 


breech-mechanisms are then closed by a single 
movement and the gun is ready to fire. The 
firing is accomplished by pulling a lanyard in the 
usual manner. The projectile is shown in the cut. 
It contains an explosive charge of about four pounds 
of Nobel’s gelatine and is provided with a Merriam 
fuse, which can be arranged either to explode the 
gelatine upon impact or any time thereafter up to six 
or seven seconds, The range of this particular gun is 
from one to two miles, depending upon the elevation, 
and it ean be fired five or six times per minute. The 
guns are mounted upon an ordinary gun 
carriage for field use, or upon a naval 
mount when they are to be used afloat 
or on shipboard. 

In actual warfare the gun has clearly 
shown its value in the field against in- 
fantry or cavalry, and for battering 
down and destroying fortifications. The 
earlier type of the gun has already 
been put to test by the Cubans, and 
its success in many engagements has 
demonstrated its eminently practical 
character for its designed purposes. 

The projectile is 36 inches long over all 
and weighs, loaded, 124g pounds. The 
body of the shel! is a brass cylinder, hav- 
ing a conical head (H) containing the 
well known Merriam fuse. The rear of 
the shell carries a tail piece 10 inches 
long, having a vane (k) set at an angle 
that will insure rotation. In the main 
body of the projectile is placed the 
charge of explosive gelatine (G). In 
the forward end of this charge, and 
inclosed in a metal case, is a pencil of 
gunecotton (J), and in the center of one 
end of the guncotton is a cylindrical case 
of fulminate of mercury. The ignition 
js effected by means_of the mechanical 




















SIMS-DUDLEY PNEUMATIC GUN, IN BATTERY. 





SIMS-DUDLEY PNEUMATIC GUN, LIMBERED UP. 


fuse. When the shell strikes the water, or any 
other object, a steel ball, acting as a hammer, is 
driven forward by the sudden retardation of the 
flight of the shell, and strikes one or more percussion 
caps, causing a detonation; this ignites a tube of 
powder communicating with the fulminate of mer- 
cury, and so explodes successively the guncotton and 
the main explosive. The time of the explosion 








PROJECTILE FOR SIMS-DUDLEY GUN. 


after impact may be regulated by a special adjust- 
ment of the fuse. The fuse embodies a safety de 
vice which renders the shell inactive until it has 
traveled at least three hundred feet in its flight from 
the gun. 

When mounted it can be drawn by one horse or 
three orfour men. It can be disconnected and placed 
on the back of a mule, and the carriage can be loaded 
on another mule. In other words, the gun and all its 





12-INCH MORTAR ON SPRING-RETURN CARRIAGE, 
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accessories can bs carried by two 
mules. In the absence of mules, 
five men could carry the gun, and 
five the carriage, up any ordinary 
mountain side by cutting a branch 
about 25 feet long and using it as 
a carrying bar. The gun can 
always be assembled and ready 
for action in two minutes’ time. 
i me 
HARBOR DEFENCE. 

In the introductory chapter we 
pointed out that no system of coast 
defence is complete that does not 
include the co-operation of a navy, 
more or less efficient. The vavy, 
however, may weet with defeat—it 
may be badly crippled or even 
wiped out of existence—in which 
ease the country will find itself 
thrown entirely on the defensive, 
and must rely altogether upon its 
fortifications and submarine mines, 
assisted by such floating defences 
in the way of monitors and torpedo 
boats as may happen to be sta 
tioned in its various harbors. 

A perfect system of harbor de 
fence should include powerful 
masked batteries of long-range high 
powered rifles mounted on disap 
pearing gun carriages, and so is 
posed as to command all approaches 
and channels; numerous and care 
fully concealed mortar batteries so 
placed that a continuous rain of 
shells can be let fall upon a fleet in 
any of the navigable waterways of 
the harbor or its approaches ; and 
a carefully designed system of sub 
inarine mines, the location of the 
mine fields being such that they 
ean be protected against counter 
mining operations by the fire of 
batteries of rapid-fire guns. The 
channels should be commanded by 
powerful search lights ; and the fire 
of the gun and mortar batteries 
should be directed from concealed 
observing stations, in which are ii 
stalled the most reliable range and position finders. 

The Buffington-Orozier Disappearing Gun Carriage 

The elements of secrecy and invisibility are all-im 
portant in the location and working of harbor defences. 
The use of the disappearing gun-carriage and the care 
ful “‘masking” of the batteries, coupled with the use 
of smokeless powder, make it an extremely difficult 
matter for an attacking ship to locate the guns which 

are pouring well-aimed shells upon its deck and 


. against its sides. The disappearing gun is visible 
7 above the parapet only for a few seconds as it 


rises to fire, and, if smokeless powder is used, all 

that can be seen is a momentary black spot 

among the green slopes in which the battery 
is hidden. The United States is fortunate in pos- 
sessing in the Buffington-Crozier what is probably 
the best disappearing carriage in the world; and as 
it forms one of the most important elements in our sys- 
tem of coast defence, we have devoted the first three 
illustrations of this number to the subject. The strik- 
ing view on the cover, reproduced from an instantane- 
ous photograph by the American Mutoscope Company, 
shows a 10-inch disappearing gun at the instant of fir- 
ing, and on the first page of the issue 
will be found views of the 8 inch disap- 
pearing gun, showing it in the loading 
and firing positions. 

This fine carriage is the standard type 
for seacoast defence, and it is probable 
it will be used in all future vatteries 
that are constructed. Other types of dis- 
appearing carriage are in service, how 
ever, notably at Sandy Hook, where a 
vertically disappearing form is used for 
some of the larger rifles. In this type 
the carriage, with its gun, sinks bodily 
out of sight into a pit, the top of the pit 
being covered by a large horizontal shield, 
which protects the crew from shrapnel or 
plunging fire. 

The Buffington-Crozier carriage is of 
the front pintle form and consists of the 
following principal parts, viz.: The lev- 
ers, the top carriage, the cheek plates or 
chassis, the elevating gear, the racer, the 
live rollers, the base ring, the transoms, 
the traverse wheels, the traverse circle, 
the traversing gear and the projectile 
crane. 

The trunnions of the gun rest in bear- 
ings bushed with bronze, on the upper 
end of two cast steel levers, which are 
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the horizontal— 
about 7°—in loading 
position. 

The counterweight 
is of lead, and weighs 
32,000 pounds. It is 
suspended by two 
rods from a_ shaft 
joining the lower 
ends of the levers. 

The action of the 
rarriage is as fol- 
lows: Upon firing 
the piece, the central 
pivot of the lev rs 
moves horizontally 
to the rear, carrying 
the top carriage with 
it. The lower end 
moves vertically up- 
ward, being con- 
strained by the cross- 
head guides. The 
gun moves down- 
ward and to the rear 
in the are of an el- 
lipse. The energy 
of recoil is absorbed 
partly by raising the 
counterweight and 
partly by the resist- 
ance of the hydrau- 
lie cylinders. After 
loading, the pawls 
are tripped and the 
greater moment of 
the counterweight 
enables it to raise the 


LOCATING POSITION OF HOSTILE FLEET BY MEANS OF DEPRESSION RANGE-FINDER AND SYSTEM OF piece into battery. 


! IMAGINARY SQUARES. The return to bat- 
tery is softened by 








The action of the system in reeoiling is such| hydraulic counter-recoil buffers in the cylinders, form- 


on wh ire pinions of bronze, gear- | racks 
. | 
‘ls of cast stes On the shaft with | that, no matter what elevation the gun may have when | ing a sort of dashpot. 
bronze, gearing into the elevating | fired, it will have practically the same inclination to| The piece is hauled down in the loading position by 








ONE SECTION OF A MORTAR BATTERY IN ACTION. 
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hand ; 


and chassis. 


This carriage is capable of great rapidity of fire. 
Ten shots from an 8-inch gun have been fired from it in 
twelve minutes and twenty-one seconds. 
ing position the gun is completely covered from a shot 
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for drill and cleaning, by a windlass arrange- 
ment, the rope leading through sheaves on the levers 
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DIAGRAM OF A MODERN MORTAR BATTERY. 


arriving at an angle of 7 


The field of fire is 1° 


ore 
ry 


the pointing of the gun can be varied from 12 


tion to 5° depression. 


The exact distribution of these guns at the various 
strategic points in our harbors, for obvious reasons, is 
An attacking fleet would 
be practically at the mercy of such a battery of disap- 
At the outset it would be ignorant of 
and as we have 
the use of smokeless powder would render the detection 


not disclosed to the public. 


pearing guns. 
the location of the fort ; 


of the guns, during the few 
seconds that they showed 
above the parapet, a diffi- 
cult matter. The only pos- 
sible chance to place a shell 
inside the fort would be by 
making use of high angle 
fire ; and this is impracti- 
cable in the modern war- 
ship as at present con- 
structed, for two reasons : 

first, that the existing gun- 
earriages will not allow the 
breech to be sufficiently 
depressed to admit of such 
fire; and, secondly, that 
the existing decks are not 
strong enough to with- 
stand the heavy vertical 


strain of the recoil. The 
aiming of the gun is all 
done under shelter. By 


means of a *‘ range-finder” 
located on some distant 
eminence (see illustration, 
page 39), the range and azi- 
muth (distance and direc- 
tion) are found and tele- 
graphed to the gun. The 
gunner then lays the piece 
with perfect accuracy 
while it is yet below the 
level of the parapet. Gun 
for gun, such a battery has 
an enormous advantage 
over the floating ship, for 
it has in its favor: 1. 
Invisibility: 2. Almost ab- 
solute protection from gun 
fire: 3. Absolutely steady 
platform: 4, Absolute de- 
termination of the range 
and bearing of the enemy. 
To this must be added the 
moral effect upon the cour- 
age and endurance of the 
gun crews, resulting from 
their superior protection. 
Mortar Batteries. 
Next in importance to 
the high-powered rifles 
(some authorities would 
place them first) are the 
mortar batteries. The 
element of invisibility 
which constitutes such a 
valuable feature in the 
disappearing gun is here 
attained to its fullest de- 
gree, the mortars being 
located permanently at the 


pointed out, 


and 
eleva- 


bottom of deep pits where they are at all times out of 
the view of the enemy. 
Description of the 12-inch Mortar. 

In its construction the modern steel breech-loading 
mortar differs from the breech-loading rifle only as to 
length ; for it is built up of tube, jacket and hoops, 
which are made and assembled in the manner already 
deseribed at length in the earlier pages of this number. 
There are two types in ser- 
vice. The older of these is 
made with a cast-iron body, 
hooped with steel; the later 
model is all steel. The cast- 
iron mortar is cheaper to 
build, but it is a weaker wea- 
pon, both in itself and in its 
offensive power. As will be 
seen from the table of guns 
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The “ upper carriage ” consists of a transom and two 
side frames containing the necessary mechanism for 
carrying the mortar, these parts being mac<ie entirely of 
gun iron and attached permanently to the upper ring 
of the lower carriage. 

The mortar is mounted on two trunnion carriages 
which slide on the side frames. To each of these trun- 
nion carriages is attached a piston rod, working in a 
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at the end of this issue, the 
all-steel is every way a better 
weapon, and it is not likely 
that any more of the cast-iron 
mortars will be built. The 
heavy recoil of the mortar, 
and the high angles at which 
it is fired, necessitate a special 
design of carriage. We pre- 
sent illustrations of the stand- 
ard spring-return carriage, 
upon which most of our mor- 
tars are mounted, and of a 
pneumatic carriage, which is 





shots Elevation 60° 
(35 yas by 43 yds 


gear which is installed on the monitor ** Terror.” frame. 


The base of the spring-return carriage is made up of 
iron, 
permanently attached to the masonry by the holding- 


base ring, revolves freely upon it by means of the inter- 
vening live roller ring. 
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“TARGET RESULTS OBTAINED IN OFFICIAL TEST OF 
MORTAR-FIRE, 


down bolts, while the upper ring, known as the upper | the horizon atan angle of 50’, 
ranged to fireonly between angles of 35° and 65°, 
the foree of the recoil can be taken directly by these 








MORTAR IN LOADING POSITION. 








PNEUMATIC MORTAR-CARRIAGE ELEVATED FOR FIRING. 
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Evtevation 60° 


LONG RANGE 


built upon the same system as the pneumatic turret-| hydraulic cylinder permanently attached to the side 
At the same time the trunnion carriages are 
connected by means of the compression screw with the 
two cast-iron rings, placed one upon the other, and | nest of springs contained in the spring cylinders, the 
separated by a live roller ring of steel and wrought upper sections of which are cast into and form part of 
The lower ring, termed the lower base ring, is | the side frames. 
These spring and hydraulic cylinders are inclined to 


and the mortar is ar- 
so that 


cylinders, and but little 
lateral strain communicat- 
ed to the upper base ring. 
Afier the recoil the elastic 
force of the springs will 
usually return the mortar 
into battery. Should this 
fail, hand bars working in 
ratchetg. cut into the side 
frame will accomplish the 
result, The training me- 
chanism enables the upper 
carriage to be turned up- 
on the lower and the mor 
tar pointed in any desired 
direction. 

The pneumatic carriage 
consists of a lower and 
upper racer bed, the upper 
circular bed supporting 
the two cheeks of the ear- 
riage, which is provided 
with heavy bearings forthe 
reception of the trunnions. 

The four recoil cylinders, 
85 inches in diameter, are 
arranged in pairs on each 
side of the gup, They are 
connected by plates 2% 
inches thick, and on the 
sliding face between the 
eylinders and frames are 
provided with horizontal 
ways, 7 inches wide, with 
crossheads in whieh the 
outer ends of the hollow 
piston rods are secured ; 
they also carry trunnion 
bearings for the reception 
of the trunnions of the 
mortar. At each end of 
the lower recoil cylinders 
isa 1‘Sinch pipe connected 
to same for equalizing the 
pressure. The hoilow pis- 
ton rods, four in number, 
45 inches in diameter, ex- 
tend rearward from lugs on 
the sliding frame through 
especially prepared packed 
glands in the heads of 
the recoil cylinders, and 
are provided with conical 
valve rods, 2 inches in dia 
metor at the large ends, 
whereby a portion of the 
air below the piston is ad- 
mitted to the space above 
the chambered heads. 
When the gun is fired, the 
recoil is taken up by means 


- 
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of the cushion of compressed air, and the arrangement 
allows a anflicient amount to pass to the forward ends 
of the cylinders to nearly form an equilibrium of pres 
of the pistons, thereby taking up 


sure on both sides 
the counter recoil and 
cushion by 


supported 


On these recoil cylinders, cast in pairs, and on the 
opposite side of the 25-inch plate from the recoil 


cviinders, is cast a trun 


niou, 30 inches in diameter, 


which supports the plates 
and thetwo ‘ylinder his 
trunnion fits into the side 
cheeks before el oned, 
on which swing the mortar 
and reeoil mechanism At 
the right hand side and in 
the center of this trunnion 
there is a gage connection 
and a charyving pipe which 
may eonunect with a port 


' 
receiver, 


charged WW h a suitable 


Construction and Operation 
of a Mortar Battery 


In building a system of 
mortar batteries care is 
tak | ure them in 

t} they 


com 


over the channels 


\ 1 | trad into und 
ih the harbor if 

the ba ries are judicious- 
ait " t) wl ‘ rea 
of a har r may be cov 
ered byt rtar fire alone 
ind a hos ship will no 
sooner pass out of the zone 


of fire of one battery than 
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forming a 
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COAST DEFENCE EDITION OF THE SCIENTIFIC AMERICAN SUPPLEMENT. 














other. The site is also chosen with a view to s 


positive elastic 


weight of the gun is/ my. 











RAFFERTY RANGE-FINDER GUN DETACHMENT WORKING OUT RANGE AND TRAVERSE (DISTANCE AND 
DIRECTION) ON THE RELOCATOR FROM DATA TELEGRAPHED FROM DISTANT RANGE-FINDER. 


The Range-finder shown on parapet would be stationed on some distant eminence. 












USING THE FISKE RANGE-FINDER TO DETERMINE THE RANGE OF A HOSTILE SHIP. 
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ecrecy, The arrangement of a 16-mortar battery is shown in 
and it may be placed in a depression or even behind the | the accompanying diagram and in the larger engraving, 
crest of the hills that front on the harbor. This is made | in which the observer is supposed to be looking down 
possible by the new system of range-finding, which ren- | into one of the “pits.” It consists of an earthwork con 
ders it unnecessary for the gun detachment to see the ene- taining four pits with flaring sides, which are connected 
Unlike the big rifles, the mortars are fired at great | by underground bombproof passages. 
angles of elevation (35° to 65°), and obstructions which | by a solid counterscarp wall twenty feet high. This 
would interfere with the trajectory of a 12-inch gun/ wall is not intended so much as a protection from the 
would lie far below the curve of flight of a mortar shell. | enemy's fireas to form a shield against a storming 





It is surrounded 


party’s assault on the 
works. Inside of the wall, 
and immediately at its 
base, is a deep ditch. The 
space between the wall 
and the embankment 
would prove an awful place 
of slaughter for an attack- 
ing party, as at two corners 
of the wall are rapid-fire 
guns commanding all four 
of the trenches. 

From the ditch rise great 
earth embankments slop- 
ing gradually to a height 
of 35 feet. Each of the four 
mortar pits is further pro- 
tected by an inner wall of 
concrete of great thickness 
and a lining of steel. The 
pits themselves are small, 
being just large enough for 
the four big mortars. Each 
mortar is moved independ- 
ently, and the men at the 
mortars can see nothing 
but their guns, the armor- 
ed embankment and a lit- 
tle patch of blue sky over- 
head. They do not fire 
the mortars, nor do they 
see the vessel in the chan- 
nel. AH the officers and 
men have to do is to train 
their pieces according to 
the directions telegraphed 
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to them by the observers, who may be half a mile | his eyes upon the clock, his hand on the electric button, 


away. 


and exactly at the predetermined moment the 16 


The full service charge for the 12-inch mortars is 80 to | great shells, each weighing half a ton and filled with 


105 pounds of brown prismatic powder and a shell weigh- 
ing 1,000 pounds carrying 100 pounds of high explosive. 


Au extreme range, with \satisfactory accuracy, of over | determined point in the harbor. 
Tests of these mortars have| reader to know that if the firing took place at the 


six miles has been attained. 
demonstrated that the fire can be so concen- 
trated that the projectiles from a group of 
sixteen mortars, fired simultaneously, if de- 
sired, will fall well within the space covered 
by a ship’s deck plan. In this connection 
the diagram at the top of page 35 will be of 
great interest. It represents the results ob- 
tained in a government test of the accuracy 
of our 12-inch mortars. The range varied 
from 5'4 to 644 miles, and on each occasion 
five shots were fired. The distances between 
the points at which the shots fell on each 
day were measured, and plotted to scale on a 
drawing containing the outline of the deck 
of the cruiser ‘‘ Philadelphia.” The results 
show that in every case the ship would have 
been struck, in one case by as many as four 
shots. Such accuracy, at a range of nearly 
six miles, is really wonderful, and shows how 
fatal would be the simultaneous discharge of 
a whole battery of sixteen mortars. 

In this connection, also, it must be borne 
in mind that the shells descend almost per- 
pendicularly upon the weakest part of the 
ship’s armor — her protective deck. Al- 
though this isso metimes 6 inches thick at the 


sides, the * flats” are rarely over 3 inches in thickness, | 
As the 12-inch shells | 


and frequently not even as much. 
weigh from 800 to 1,000 pounds and are charged with 
high explosive and a delayed-action fuse (see cut, page 
24), they would pass through the deck like so much paper 
and burst within the interior, possibly in the vitals of the 
ship. 


through the hull, tearing a hole in the double bottom. 
'gun fell within thirty yards of each other, after tra- 


The sketch at the top of page 34 is introduced to 


show the method by which the firing of the mortar! versing a distance of twelve miles. 


batteries is di- 
rected. At a 


considerable — _ 
=== 
distance from : ae 





Should it not burst, a shell would pass entirely | wonders of engineering. 


high explosive, rise from the battery and sweep in a 
majestic curve to meet the advancing ship at the pre- 
It will interest the 
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this line makes with a mark on the opposite bank are 
measured by the transit. Then, knowing the length 
of the base line and the two angles, the distance across 
the river can be determined by trigonometry. 
Applying this to the range-finder, a base-line is care- 
fully measured between two points on shore or near 
opposite ends of a ship, and over each point a range- 
finder, answering to the engineer's transit, 
is permanently setup. If the telescopes of 
the two finders are simultaneously ronverged 














RAFFERTY RELOCATOR. 


longest range, against a ship that was moving 20 knots 

an hour, the vessel would travel nearly a quarter of a 

mile from the moment of firing to the moment at which 
the falling shells reached her deck. 
Range-finders. 

The accuracy of modern rifled guns is one of the 

Two experimental shots fired 

a few years ago at the same elevation from the same 


If a modern rifle 








FLOAT 





upon the same point on a distant object 
(ship, fortress or city), the observers will be 
in possession of the trigonometrical data 
necessary to compute the distance, namely, 
the base and the two base angles. 

Range-find=. : -e of, two types, according 
to the nature of the base-line upon which 
they work. The base-line may be the hori- 
zontal distance between two observers, or it 
may be the known vertical height above the 
sea of a single instrument located on some 
convenient hill or tower. 

Perhaps the best known range-finder of 
the horizontal type is that invented by 
Lieut. Fiske, of the United States navy. The 
accompanying illustrations show this instru- 
ment as applied on board a modern warship, 

In the din, hurry and slaughter of a sea 
fight, it would be difficult to make the ne- 
cessary trigonometrical calculations, as the 
distances between the ships, and therefore 
the observed angles, keep changing ; and in 
order to make the determination of the dis- 
tance automatic, Lieut. Fiske placed his telescopes in the 
circuit of a Wheatstone bridge and caused their change 
of position to record the distance of the object on the 
rraduated scale of a delicate galvanometer. Ali that was 
now necessary was for the observers at the two range- 
finders to keep the cross-hairs of the telescopes upon 
the same point of the ship, and the electric current 
translated (as it were) the angles into distances and re 
corded them by the movement of a needle over an are 
graduated into hundreds and thousands of yards. 

Our illustra- 
tions will make 
the operation 
of this most in- 
genious instra- 
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of a hill, as at 
the point mark- 
ed A, in sketch, 
is the range 
and _ position 
finder station, which is fitted with delicate and 
accurate instruments for determining the exact dis- 
tance and position of the enemy. In addition to 
the range-finder, the station is provided with a chart 
of the harbor, the surface of which is ruled off into 
squares which are consecutively numbered. By means 


of these instruments, as will be explained in the succeed- ! 


ing article, the observer can determine with great ac- 
curacy the exact distance and bearing of the ship from 
the station. By means of a scale and protractor he 
determines this position on 








ment clear to 
the reader. It 
represents the 
‘*Indiana”’ 


about to open 








is laid upon the target, with proper elevation and al- 
lowance for windage, it is safe to say the shot will find 
the mark. 

The correct elevation of the gun can only be deter 
mined if the distance of the target is known ; and the 
exact determination of the distance of a moving object 
is a problem that has worried the gunner ever since the 
day when round shot was first thrown from the sides 
of the wooden fighting-ship. 


In the early days, the determination of the range | horizontal rotation above a graduated disk. 








the chart and marks it by 
a point. Successive obser- 
vations at regular intervals 
enable him to plot the 
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course of the ship on the 
chart and determine the 
speed at which she is mov- 


DIAGRAM SHOWING 


ing. He can thus determine that at a given time the | 


ship will be at a certain square. The observing station 
is connected by wire with the mortar battery, and the 
range, position and course of the ship are promptly 
telegraphed down to the officer who has charge of the 
firing of the whole 16 mortars. The latter is located at 
the point marked X in thediagram. He has before 
him a duplicate chart to the one in the observing sta- 
tion. He quickly calculates at what time the ship will be 
at a certain square (marked with a cross in the sketch). 





SEPARATE COMPARTMENTS OF THE WHITEHEAD AUTOMOBILE TORPEDO. 


| was a matter of guesswork. The gunner assumed a| 
distance, elevated his gun accordingly and watched the 
‘course of the shot. If it fell short, he increased the | 


elevation, and if it passed over, he decreased it. 

This was all very well in a day when the guns were 
too feeble to do much execution, except at close range, 
and a few dozen shots thrown away made little im- 
pression upon a ship’s magazines. With the advent of 
moderu ordnance, however, with its 60-ton guns and 
costly charges, the necessity of accurate fire became 
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SIMS-EDISON DIRIGIBLE TORPEDO, CONTROLLED BY ELECTRIC WIRES FROM THE SHORE. 
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fire upon a hos- 
tile ship. The 
converging 
lines are drawn from two range-finders, which are 
placed in elevated positions above either end of the 
superstructure deck. These finders are permanent 
fixtures, and the distance between them is accurately 
known. The smaller euts show a raunge-finder and 
a diagram of the telescopes and the electrical con- 
nections. 

The range-finder consists of a powerful telescope, 
which is mounted on a standard and is capable of 
Upon 
the disk, and extending an 
equal distance on each side 
of the zero point on the 
graduation, is a metallic 
contact are. Fixed to the 
telescope standards ir a 
contact strip, which ro- 
tates with the telescope 
and slides over the contact ares. In the diagram A 
and B represent the centers of the disks on two range- 
finders, and C and D the arms that carry the telescopes 
and contact strips, which are shown sliding in contact 
with their ares. The electric current from the battery, 
h, passes through the centers or pivots, A and B, and 
then into the ares. From the right-hand are it cireu 
lates in the wires, b and d, from the left-hand are in 
the wires, a and c, and traverses the galvanometer. 

When the two telescopes are parallel, the equilibrium 
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VERTICAL SECTION THROUGH AXIS OF WHITEHEAD TORPEDO. 


He also knows how long it will take the shells to travel 
from the battery to the square (over one minute at 
long range), and what elevation must be given the 
mortar to carry tothe square. The calculation quickly 
made, he sends to the pits the elevation and azimuth 
(or bearing). The 16 mortars are swunground on their 
tables to a common bearing, the black muzzles are 
raised to a common elevation; the officer stands with 





imperative, and ordnance experts set about devising 
some scientific method of finding the range of moving 
objects upon the sea. 

The theory of the range-finder is based upon the 
well known principles of land surveying with the tran- 
sit and engineer's chain. If a surveying party come to 
a broad river whose width has to be determined, a base- 
line is measured along the bank, and the angles which 
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of the Wheatstone bridge is complete, and consequently 
the needle of the galvanometer shows no deflection. 
This equilibrium occurs, moreover, whatever be the 
position of the telescopes on the dial, provided that 
they are perfectly parallel. But if the telescope, C, 
for example, be turned until it is in the position, C’, 
the parallelism being destroyed, and, along with it, the 
equilibrium of the two parts of the bridge, tue needle 


‘ 











of the galvanometer will be deflected. This deflection |army, which enables these calculations to be made 


| . .o " > 
will increase in proportion to the length of the are| with great rapidity by any of the members of the gun 


| detachment. 
But since the are, C C’, is proportional to the angle| Lieut. Rafferty’s position-finder requires the services 
at A, which is equal to the angle at T, it toliows that | of one observer at each end of a base line and one at 
the deflection of the galvanometer will be proportional | the gun or guns served by it. The base line observers 
Hence by | would be located preferably at a distance from the guns 





traversed by the telescope 


to the angle at T. or to the distance, A T. L 
vraduatme it in hundreds and thousands of yards, the | and at a moderate elevation above the sea level. They 
distanee of the ship or fort, T, may be read directly | would thus be able to see vessels before they were vis- 











THE TORPEDO. 

No system of harbor defence can be considered com- 
plete that does not include the submarine torpedo as 
part of its equipment. In our description of the dy- 
namite gun, so called, we have seen that it is entirely 
practicable to throw large quantities of guncotton in 
aerial torpedoes with remarkable precision. The coun- 
terpart of the dynamite gun is the torpedo, automo- 
bile or dirigible, which sweeps silently and unsus- 





SIDE VIEW OF WHITEHEAD AUTOMOBILE TORPEDO. 





from the galvanometer. One of these galvanometers | ible from the water batteries. When a hostile ship has 
is placed in the conning tower and one at each of the| approached within range, both observers sight her 
principal gun stations. through a telescope simultaneously, and read the bear- 

It will be seen from the illustration that the operator, | ing of the vessel from their respective positions. Hav- 
on applying his eye to the telescope, has opposite to|ing telephonic connection with the officer stationed at 
his mouth a telephone transmitter, a receiver being | the relocator near the guns, each one instantly reports 
clamped to his ear. By this means the two operators |to him the bearing. He immediately swings one hand 
of the relocator to the bearing given by one observer 


ire kept in constant communication and the errors are | 
avoided that would be caused by the reading of a de-| and the other to the bearing given by the other. In 
flection produced before one or other of the telescopes lthe angle between the two hands he places a short 

rule, which bears a fixed relation to the length of the 
Depression range-finders, of which the Lewis and the] base line. He slips this rule along until it touches both 
On the rule is a jog that represents the posi 
they require only one observing station. He makes a dot on the table, and 
the base line is the vertical height of the instrument | having removed the rule, moves the nearest hand up 
above the sea, the lower angle formed by this vertical | to the dot. On the edge of the hand is a seale of 


, | , 
with the sea level is constant, being always 90°, and | degrees, and the vernier line that touches the dot gives 


is well directed te ward the point to be observ ed. 


| 
Rafferty are the best known, have the advantage that | hands 
In this case} tion of the gun. 


the upper angle is that contained between the verti-|the number of degrees from the north or from a line 
eal and a line joining the instrument with the distant | perpendicular to the parapet to which the gun must be 
In the Lewis range-finder the angle is observed | trained. 

through a long telescope, which is vertically pivoted at| On top of and extending the whole length of the 
its forward end upon the edge of acarefully leveled iron | hand, or pointer, is another scale, and the reading on 
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objec t 


table. The telescope is also capable of horizontal rota-| this seale opposite where the dot was made for the gun 
tion about the cen 
ter of the table. The 
table is graduated in 
degrees, minutes and 
seconds, the zero 
point being on the 
meridian line; a ver 
tical graduated are 
records the angle of 
elevation of the tele 
scope. In using the 
instrument the inter- 
section of the cross 
hairs is set on the 
ship at the water 
line, and as soon as 
this is done the ob- 
server can at once 
read off the range 
and azimuths—the 
latter being the an 
gular distance of the 
object from the meri 
dian, or its bearing. 
These are telegraph 
ed to the cun: the 
gunner sets the sights 
at the range aud tra 
verses the «eu, car 
riage until it ix the 
proper number of 
degrees from a me 
ridian line marked 
on the traverse-ta- 
ble. The gun is now . = — = 
released, rises above 


the parapet, fires and 








INSTANTANEOUS PHOTOGRAPH OF THE LAUNCH OF A HOWELL TORPEDO FROM TORPEDO TUBE. 





pected on its course against the submerged hull of 
a ship, carrying, should it reach the mark, certain dis- 
aster. 

The mention of the torpedo at once suggests the tor- 
pedo-boat, and it is true that torpedo defence will usu- 
ally be carried out from the deck of these deadly lit- 
tle craft. At the same time it is possible to lay down 
very strong fixed torpedo defences, operated from 
land, especially in cases where the navigable channel 
runs within close proximity to the shore. 

Submarine torpedoes are of two types, automobile 
and dirigible. The former, of which the Whitehead 
and the Howell are the best representatives, are self- 
contained, carrying their own motive power and pro 
pelling themselves independently of the firing sta- 
tion. 

The dirigible torpedoes, such as the Sims-Edison, 
derive their motive power from the shore and are 
steered by means of connecting cables, which are paid 
out as the torpedo travels to its mark. 

The Sims-Edison Torpedo. 
The Sims-Edison torpedo consists of a cigar-shaped 
torpedo and motor case which is built in four see- 
tions. The front 
I compartment ¢ on - 
| tains a charge of 
’ | from 250 to 500 
| pounds of high ex- 
plosive, which can be 
exploded electrically 
by reversing the cur- 
rent. In another 
comnpartment is a ree! 
upon which is stowed 
from one to two miles 
of controlling cable. 
The cable is made 
extremely light and 
flexible, but of suffi- 
cient area to convey 
the 30 horse power 
necessary to drive 
the torpedoata speed 
of 22 miles an hour. 

The cable, which 
is connected with a 
dynamo at the firing 
station, is led out 
through a tube run- 
ning parallel wich 
the axis of the tor- 
pedo toa point aft 
of, and below, tlie 
propeller wheel 
Above the torpedo 
proper, and rigidly 
connected thereto, is 
a float possessing*the 
general outlines of 
a racing shell, and 


sinks out of sight, driven back by the energy of recoil 

As the range-finding stations are almost invariably 
situated ata considerable distance from the battery, 
the bearing of a ship from the station will not agree 
with the bearing from the battery, and it is necessary 
to calculate the latter from the former. 

To make these calculations everv time the gun is to 
be fired at a moving object would involve a loss of 
valuable time, and the ordnance experts are continu- 
ally aiming to shorten the process of relocating. We 
present two illustrations which show the operation of a 
relocator designed by Lieut Rafferty, United States 





position shows the elevation that must be given to the | provided with two sighting poles by which its course 
piece. Having thus learned the exact train and the |can be observed. The hull, if desired. ean be filled with 
correct elevation, the officer orders the gun trained and | cellulose or cork in order to resist the effects of pene- 
elevated. tration by shot. In actual trial it has been found to 
It will be understood that the range-finder is not lo- | be a very difficult object to hit. 
cated at the gun, as shown in our illustration, where it| The peculiarities of its action as developed by these 
is introduced together with the Rafferty wind-gage, | features are as follows: As the torpedo progresses, the 
which lies to the right of the relocator, merely to show | cable is unwound from the reel and paid out through 
all the apparatus in one group. The range-finder|the tube. If the reel were on shore, the torpedo would 
shown is not the latest form of this instrament, an im-| be checked by the friction of the cable as it was 
proved pattern being now under consideration by the | dragged through the water, but by carrying the reel 
designer, lin the torpedo, and unwinding the cable into the 
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water, the difficulty of friction is overcome. As the 
source of electric power is in the station, there is no | 
limit, beyond that imposed by the size of the cable and | 
electric motor, to the power which may be transmitted. | 
The active explosive agent being coutained in the sub- | 
merged torpedo case, and in advance of the bow of | 
the float, it is the first portion to come in contact with 
the huliofaship The instant it touches the bull the 
motion of the 
craft will be ar y A 
rested, and the 
electric instru 
ments on shore 
will at once testify 
to such arrest of 
its course by the 
increased me 
chanical strain 
put upon the mo- 
tor, which wonld 
at once affect the 
eurrent. Finally, 
the raking bow 
connection, which 
is seen in the illus- 
trations, enables 
the torpedo to 
dive under obsta- 
cles. This manewu- 
vre has been sub- 
jected to a severe DETAILS OF THE 
test, and the ac- 
tion of the torpedo in this respect has been found to be | 
perfect. 
The Whitehead Torpedo 

The Whitehead fish torpedo is the oldest, best known 

It is in ser- 


and most widely used weapon of its kind. 
vice in every navy of the world, and in most of thei it 
is the only form carried. The Howell torpedo, an Amer- 
ican invention, is its one serious rival, and the only 
other automobile torpedo that has proved of any 


practical value. 

The Whitehead torpedo consists of a cigar-shaped 
body of phosphor-bronze or steel, divided into six 
separate compartments as follows: 1, the raagazine 
2, the secret chamber: 3, the reservoir: 4, the engine 
compartment : 6, the 
bevel-gear chamber. | 

The magazine contains the explosive charge, which 
consists of a series of disks of wet guncotton packed | 
snugly together. The cartridge primer, K, for explod- 
ing the charge, consists of several cylinders of dry 
guncotton, packed in a tube which passes through per- 
The foremost of 


5, the buoyancy compartment : 


forations in the guneotton disks, t. 
the six cylinders contains a detonating primer consist- 
ing of fulminate of mercury. The small propeller 
at the extreme point of the torpedo is part of an 
ingenious safety device for preventing premature ex 
plosion in handling. When not in use, the firing 
pin is held in check by a sleeve; but as 
soon as the torpedo strikes the water the 
rotation of the little propellers releases 
the sleeve and leaves the firing pin ready 
to strike the detonating primer the mo 
ment the torpedo meets an obstruction. 
The “secret chamber” is the most in- 
genious part of this most ingenious piece 
of mechanism. Its piston, pendulum and 
springs perform the important work of 
regulating the horizontal rudders which 
keep the torpedo at the proper depth. 
Iinmediately in front of the secret cham 
ber is a narrow compartment perforated 
on its walls to allow the outside water to 
enter. The front wall of the secret 
chamber earries a piston, a, which can 





move in the direction of the axis of the 
torpedo. The pressure of the water is 
resisted by three coiled springs, as shown 
in the longitudinal section. Ata certain 
predetermined depth, according to the 
tension on the springs, the springs and 
water pressure will be in equilibrum ; be- 
low that depth the piston will be driven 
in by the water pressure, and above it the 
springs will push forward the piston. To 
prevent too sudden oscillation in this TAIL 
action, the piston is connected to the rod, 

e, of a swinging pendulum, d. The mo- 
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| tubes, f and g, carry the connecting rods for control- 
| ling the horizontal diving rudders. 


| gears which turn on a spindle at right angles to the 





The torpedo is driven by a three-cylinder engine, 
with cylinders 120° apart, acting on a commen crank, 
The engine is started by means of a valve which is 
opened by a lever striking a projecting lug on the 
launching tube, when the torpedo is fired. 

The buoyancy chamber is an air-tight compartment, 
the purpose of which is to afford the proper buoyancy 
to the torpedo; it carries a piece of lead ballast, by | 
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shifting which the trim can be controlled. The two 


Next comes the bevel gear chamber, where is located 
the gear, |, for causing the propellers, m, to rotate in 
opposite directions. The after propeller is keyed to 
the main shaft; the forward propeller is keyed toa 
sleeve which rotates freely upon the main shaft, and 
the motion is reversed by means of two bevel-wheel 
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on the motor moves to engage a corresponding clutch 
on the end of the flywheel axle within the torpedo. As 
the axle of the flywheel lies horizontally in the sectional 
plane of the torpedo, the high speed of revolution of 
the wheel gives great gyroscopic stiffness, or a re- 
sistance to being turned out of its plane, to this axle. 
The torpedo thus possesses internal directive force, and 
projected on any course tends to maiutain its hori- 
zontal direction 
~ with great  per- 
sistence, Its 
action in this re- 
spect corresponds 
to the tendency of 
a rifled projectile 
to maintain its 
direction with 
point forward. At 
the same time the 
torpedo, after dis- 
charge, is perfeet- 
ly free to turn 
vertically, and 
therefore may be 
readily steered up 
or down to any 
desired depth. 

Unlike the 
Whitehead, the 
Howell carries its 
two propellers 
side by side. The 
propeller shafts are geared directly to the flywheel by 
means of bevel wheels. 

The torpedo is maintained at its proper depth below 
the surface by an arrangement which is similar to that 
in use on the Whitehead. In a chamber immedi 
ately behind the flywheel chamber (see photograph of 
details) is a hydrostatic piston which regulates the 
depth, and a pendulum which controls the angle of 
ascent or descent. The piston and the pendulum are 
eonnected with the tiller of the diving rudder in such 





main shafr. The “tail” consists of a stock with verti- 
cal vanes, which act as the vertical rudder, and two 


frames which carry the horizontal rudders, 

The Whitehead is fired from a launching-tube by the 
explosion ofa small charge of gunpowder behind it. 
This compresses the air which surrounds the rear half 
of the torpedo and thrusts it out of the tube without 
any serious jar. 

The range and speed of the Whiteheads vary with 


the size. The latest 14-inch weapon is 15 feet in length, 


carries 9) pounds of guncotton, and has a speed of 28 | 


knots for a range of 800 yards. The 18-inch torpedo 
of 1895 is 16 feet 74% inches in length, carries a charge 
of 175 pounds of gunecotton, and has a speed of 31 knots 
for 1,000 yards. 
The Howell Automobile Torpedo. 
The Howell torpedo is of the automatic type, and in 





OF THE HOWELL AUTOMOBILE TORPEDO, SHOWING TWIN 


PROPELLERS AND STEERING MECHANISM. 


a way that neither of them is affected by the action of 
the other, although the movement of the tiller is con- 
trolled by the action of both. The necessary foree for 
throwing the rudder up or down is taken from the re 
volving propeller shafts. The speed of the torpedo is 
maintained at a constant rate by an ingenious arrange- 
ment that alters the pitch of the screws as the torpedo 
travels on its course. At the commencement of its 
journey, when the flywheel is at its maximum speed, 
the serews have a fine pitelh; but as the wheei—and 
consequently the propellers loses its speed, the piteh 
of the screws is automatically increased, with the result 
| that an even rate of travel is maintained. The average 
| Howell torpedo is somewhat staalier than the 14-inch 
| Whitehead. 

As compared with the Whitehead, the Howell has 
both its advantages and its disadvantages. Its disad 
Vautages are that it takes considerable 
time to spin the fiywheel up to the de 
sired 9,000 revolutions, whereas the White- 
head is always ready for launching. The 
speed and range, moreover, of the latter 
are greater. On the other hand, the Howe! 
earries a relatively larger charge of ex- 
plosive, and, in the important feature of 
ability to maintain its true rectilinear 
direction, it is greatly superior. 

Our readers will be inierested to know 
that our Jeading battleship, the * lowa,” 
is provided with four launching tubes for 
this type of torpedo. 

senimauasilatiiiedindiglias 
SUBMARINE MINES. 

WE have seen that, in its endeavor to 
foree its way into a properly defended 
harbor, a fleet would be subjected to 
various forms of attack. At a dis- 
tance of six or seven miles it would be 
within the zone of fire from long-range 8 
and 10-inch rifles, whose high-explosive 
shells, while they could not pierce heavily 
armored sides and turrets, would do 
deadly execution against unarimored ends, 
and, by virtue of their planging effect, 
against the nnarmored decks. Atacloser 
range of froin three to six miles the deadly 
rain of mortar-shells would begin to fall 


tion of the piston is communieated by rods, which pass | this respect it resembles the Whitehead and its later|like thunderbolts from a clear sky, crashing through 


through the hollow stay rods of the air chamber to the 
horizontal or diving rudders. If the torpedo goes too | 
deep, the piston moves back, the pendulum swings for- | 
ward, and the rudders are elevated, the reverse move 
ments taking place if the immersion is not sufficient 
When a torpedo divesinto the water, the first part of 
its run is made on a wave line which crosses and re- | 
crosses the desired and ultimate level of immersion, | 
the piston and the pendulum gradually bringing the | 
torpedo to a trne course. The reservoir forms the cen | 
tral body of the “fish.” It is made of forged cast steel | 
and is tested up to 70 atmospheres. A tuyere at its 
after end feeds the air to the engine, 





modification, the Sechwartzkopf. Beyond the fact that 
it is automatic, however, there is little resemblance, 
the diving and steering mechanism of the Howell being 
of an entirely original type. 


Motive power is farnished bya heavy flywheél, which | 


is carried at about the mid-point of the length of the 
torpedo upon a steel axle, whose axis lies horizontally 
and at right angles to the long axis of the torpedo. 


| The launching is effected from a torpedo tube, as shown 


in the accompanying cut. To the outside of the tube 

is bolted a motor, by which the flywheel is run up to 

the desired speed. A hole pierces the tube opposite 

the end of the flywheel axle, and through this a clutch 
18835 


the protective decks and bursting within the vitals 
of the ship. At closer ranges of 4,000 yards and under 
(should the fleet have survived the earlier attack), 
| the masked batteries of 12-inch guns would open fire 
lagainst the water-line belts and barbettes, which 
would be easily penetrable at these ranges ; and this 
fire would be supported by the fire of 10 and 12-inch 
guns mounted on the harbor monitors. From shel- 
tered bays and headlands the torpedo boats would lie 
ready to make a dash upon the enemy, who would be 
already disorganized by the concentrated fire to which 
he was exposed ; and from heavily protected stations 
on shore the dirigible and automobile torpedoes would 
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be silently dispatched to attack the submerged portion 
of the hall. 

After this enumeration of the destructive agencies 
which would contest every foot of a hostile advance, 
it would seem that a modern system of harbor defence 
is impregnable. And yet we bave thus far taken no 
note of what many authorities believe to be the most 
effective defensive weapon of them all—the submarine 
wine. It is searcely necessary to dwell upon the tre- 
mendous moral and material effect of this form of at- 
tack, in which the element of seerecy is so perfectly 
realized. The moral effect is so 
strong that the mere fact that a 
channel may be mined, will usually 
be sufficient to keep a fleet from 
attempting its passage ; the mate 
rial effect, should a ship be caught 
within the radius of explosion of a 
powerful mine, would be its certain 
destruction. 

Submarine mines are of three dif 
ferent kinds: 1. Observation mines, 
wluech are fired from shore when a 
ship is judged to be within range. 
2. Automatic mines. which are self- 
firing on being strack by a ship. 
3. Electrical-contact mines, which, 
on being struck by a ship, give no- 
tice to the operator, who, by the 
throw of a switch, fires the mine 

Generally speaking, submarine 
mines consist of a metal case, which 
is filled with a charge of high ex- 
plosive and contains a fuse that 
may be fired either automatically 
or at will by an observer on shore. 
Broadly speaking, they may be di- 
vided into ground mines and buoy- 
ant mines, according to their depth 
of submersion. Where the depth 
of water is not too great to inter- 
fere with the destructive force of 
the explosive, the mine is placed 
on the bottom, and is known as a 
ground mine; in deeper water it is 
placed in a buoyant cylinder or 
sphere, which is anchored to the 
bottom and floats at the desired depth below the 
surface. The buoyant mine bas an advantage over 
the other type in the fact that it lies nearer the object 
of attack, and, therefore, does not require to be filled 
with such a heavy charge of explosive. 

Observation mines may be fired by one or two ob- 
servers. If by one observer, the mines are laid down 
in rows, the lines of which converge to the observation 





station. Ai! the mines in one row are connected so that 
they can be simultaneously fired wheu ihe ship is pass- 
ing the range line. When the mines are connected 
with two observers, they are laid according to a system 
of cross observation, by which it is possible to fire any 
particular mine when the ship is above or in close prox- 
imity to it 

The most common type, and unquestionably the most 
certain in its action, is the electro-contact mine, in 
which the charge is exploded either directly when the 
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mine is struck by a ship, or at the will of the operator 





Fieid of ground mines, showing electro 


contact b oye attached, 


| on shore, on his receipt of asignal automatically trans- 
mitted from the mine at the moment of contact. The 
electro-contact type may be either buoyant or ground 
| mines, according to the depth of the water in any par- 
| ticular location. 

In the accompanying sketch we show a system of 
electro-contact ground wines laid across a channel, 
with a battery of rapid-fire guns on shore commanding 
the whole of the mine-field. On the slope of the hill 
above the rapid-fire battery is a battery of 8, 10, and 
2-inch high-powered rifles, and above this, hidden by 
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floating above it is a hollow, buoyant sphere, in which 
is placed the electric cireuit-closer. Wires lead from 
the buoy to a fuse in the ground mine, and to the 
signal station. 

In the accompanying figure we show a type of cir- 
cuit-closer designed by Col. Bucknill: It consists of a 
horseshoe magnet, M, M, within which is hung by a 
coiled wire a ball, B. A silken cord 1s hung to the top 
of the magnet, passes down through the ball, and is 
attached to an armature, A. When the vessel strikes 





the buoy, the ball is thrown to one side, draws aside 
the silken cord and lifts the arma- 
ture, A. To the poles, N, 8, of the 
magnet are secured two small mag- 


=m “ aa : nets, C, C, one end of the coil wire 


e) - being connected to line and the 
other to a contact point, b. The 
armature, A, is secured by a spring 
to an isulated point, P, from which 
a wire passes through the firing fuse 
in the ground mine to earth. The 
other end of the armature carries 
a contact point which, when the 
buoy is struck, engages with a con- 
tact point, b, which is connected to 
earth through the interposed re- 
sistance of a 1,000 ohms resistance 
coil. 

Fig. 2 shows the automatic in- 
dicator or shutter which is placed 
in the firing station on shore. Two 
currents are employed : One, a con- 
tinuous current of feeble power 
from a signaling battery, 8S B; the 
other and more powerful current 
from a firing battery, F B. The ar- 
rangement is as follows: Between 
two electro-magnets, b b, is sus- 
pended an armature, a, pivoted at 
its center, p. The lower end of the 
armature holds one end of a weight- 
ed lever, 4. When a current passes 
through the magnets the armature 
is rotated, the end of the weighted 








VIEW OF GROUND MINE, ELECTRO-CONTACT BUOY, AND SHUTTER AT FIRING-STATION. 


shrubbery, is a firing station which is connected by 
cable with the mines in the channel. Frequently, 
however, the firing station is contained in a massive 
casemate built into the structure of the fortification. 
Our sketch, which, it will be understood, is not to 
scale, shows a single line of mines only, laid across the 
channel. Asa matter of fact, there would be several 
parallel lines, and they would be so laid with regard 
to each other that the mines in each line would cover 
the spaces left in the lines adjoining, with the result 
that, on whatever course a ship might be steering, she 
would be certain to strike one or more of the mines 
before she passed through the field. 

The complete mine consists of a heavy, cast iron, hem- 
ispherieal case, containing from 200 to 500 pounds of 
guncotton, dynamite, or blasting gelatine, which rests 
on the bed of the river or channel, and is held in place 
by heavy claws or hooks, which are cast upon the 
shell for this purnose. Attached to the mine and 
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lever released and the weight falls, 
striking a bell and giving notice 
to the operator. The weighted 
lever turns on an insulated axis which is connected to 
line, L. The insulated axis carries a metallic cross-bar, 
e, which is normally in contact with the spring, d, 
which is itself connected through the coils of the elec- 
tro-magnet with the signaling battery, 8B. When 
the weighted lever, 4, known technically as the “shut- 
ter,” falls, this spring is disconnected by the rotation 
of e, and the firing battery, F B, is brought into play 
through the contact of plate, e, with spring, f, that 
is, supposing the plug, P. is in place. By leaving P 
normally out of place, the observer can fire the battery 
at will by inserting the plug. 

Now let us follow more closely the operation of 
blowing up the hostile ship. The instant the vessel 
strikes the buoy, the suspended ball, B, swings to one 
side, draws aside the cord, pulls up armature, A, into 
contact with b, and causes the signal-battery current 
to pass by way of the 1,000 ohms resistance-coil down 





Rapid-fire battery to prevent countermining. 


through the ground mine fuse to earth. This current 
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is too weak to ignite the fuse. At the same time the 
armature, a (in the firing station), is attracted to the 
magnets, b, b, and releases the pivoted shutter, 4, ring- 
ing the bell and throwing the signal battery line, L, in- 
to circuit with the line to the firing battery, F B. The 
operator now places the plug, P, in place, and sends 
the whole force of the main current into the line, and 
as this has sufficient foree to pass the resistance and 
ignite the fuse, the ground mine is instantly exploded. 

No mine field is complete, or can ever be thoroughly 
effective, unless it is protected by rapid-fire guns. Itis 
possible for small boats, launches, ete., to be sent for- 
ward ahead of the ships, and set off the mines by ex- 
ploding large charges of dynamite in the mine field, 
If the mines are within the “ sympathetic radius” of 
the explosions, they will be exploded by the shock, 
The most effective protection against such counter- 
mining, as it is called, is by flanking the field with bat- 
teries of rapid-fire guns in the manner shown in the 
accompanying sketch. 

In concluding the series of chapters on harbor de- 
fence, we would draw attention to the fact that it is 
only when all the various elements of guns, mortars, 
monitors, torpedo boats, torpedoes, submarine mines, 
and, above all, reliable range-finders, are provided, and 
provided in abundance—then only is it that a city can 
be pronounced impregnable. We have heard much talk 
of late in the daily press about our impregnable de- 
fences. It is not for us to state how far they are, or are 
not, up to the standard of completeness which would 
justify such cities as New York, Boston, Philadelphia, 
or San Francisco in settling down into a sense of com- 
fortable security. This much, however, is certain : 
That when the present war is ended, public sentiment 
will not be satisfied with anything less than the im- 
mediate completion of our coast defences on the ex- 
cellent lines laid down many years ago by our army 
officers. 

The enlightenment of the public as to the exact 
state of our defences has been one of the healthy 
effects of the war, and we doubt-not that, when our 
Congressmen are called upon once more to vote appro- 
priations for guns, mortars and their emplacements, 
they will act with a more thorough knowledge of ex- 
isting necessities than heretofore. 

+ + 
THE ARMY OF THE UNITED STATES. 

TWICE in the history of the world we have had an 
example of large bodies of men who were not pro- 
ducers, who disturbed economic conditions by living 
at the public expense. We refer to the enormous mon- 
asteries in the middle ages and to the standing armies 
in Europe to-day. It seems to be essential to the 
maintenance of the integrity of a number of the coun- 
tries of Europe to keep a large standing army—an army 
which takes some of the best years of the life of its 
citizens, as service is obligatory to all. These armies 
are supported at an enormous expense by systems of 
taxation which affect the poorest as well as the richest. 
Germany has in her active army a reserve of 2,140,352 
men. This number may be increased in war time by 
well trained reserves until she would have a grand 
total of 68,412 officers and 5,198,180 inen. France is not 
far behind Germany as regards militarism, as she has 
2,071,980 officers and men in the active army, and on a 
war footing she would have 4,849,572 men. Then 
come Russia, Austria-Hungary, Italy and England, 
each with an army numbering hundreds of thou 
sands, so there are on a peace footing over 7,500,000 
men in the army in six countries of Europe. The 
question of the standing armies of Europe is a problem 
which is rapidly increasing in seriousness, and there 
does not appear as yet to be any solution of the diffi- 
culty. 

In the United States. owing to our isolated position 
and the absence of powerful neighbors, it has not been 
found necessary to have a large military establishment 
such as is required abroad. For many years it has 
seemed impossible that we should become embroiled in 
international complications. For a long time the navy 
has monopolized public attention, but when peace was 
hanging, as it were, by a thread, the army was imme- 
diately brought to publie notice, and it was found we 
had but a small, but well-drilled, body of troops ready 
for service. It should be remembered, however, that 
the regular army is only a nucleus which may be ex- 
panded in time of war. 

The present war has made it manifest that the 
size of our Regular Army has not been adequate, and 
that the time has been reached in our national growth 
when the army should be definitely increased to a size 
proportionate to the vast population of the country. 

The bill recently increasing the size of the army from 
27,000 to 62,000 men is of little avail as touching this 
problem, as it only provides for an army of that size 
during time of war. War almost always comes sud- 
denly, often unexpectedly, and the bill would not re- 
lieve us from the helplessness we have been exposed 
to in the past. For our protection we have to rely 
upon : 

1. The Regular Army, which represents and is under 
the pay of the federal government, and which is offi- 
cered almost entirely by graduates of the West Point 
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Military Academy. The officers receive commissions 
at the hands of the President : 

2. The National Guard, which is composed ex- 
clusively of State troops, and is under the command of 
the Governors of the respective States. The officers 
of higher grade are appointed by the Governors, but 
the other officers, from Colonel down, are generally 
selected by ballot by the troups themselves. The 
National Guard is intended primarily for home de- 
fence : 

8. The Volunteers, which form a branch of the ser- 
vice only to be found in time of war. They are such 
as offer their services upon the call of the President, 
and are officered either by West Point graduates, by 
officers of the National Guard, or civilian appointees. 

Under the conditions existing in the present war the 
members of the National Guard were not called upon 
to serve in their capacity as State troops, but were 
invited to enlist in the volunteer service. 

The term of enlistment in the regular service is for 
a period of three years, which term is fixed and not 
terminable by the ending of the war. In the volunteer 
service the period of enlistment is two years, but this 
term may be shortened by the ending of hostilities. 

The officers of the reguiar army are graduates of the 
United States Military Academy at West Point, New 
York. Each Congressional District and Territory, as 
well as the District of Columbia, is entitled to have one 
cadet at the Academy, the nominations being made by 
the Representative. There are also ten other appoint- 
ments at large, which are usually conferred on the sons 
of officers in the army or navy by the President of the 
United States ; therefore, the number of students is 
limited to 871. Foreign governments can have cadets 
educated at the Academy by authorization of Congress. 
The nominations to the Academy are usually made by 
the Congressman after a competitive examination, 
though they may be given directly by the Representa- 
tive. Appointees to the Military Academy must be be- 
tween the ages of seventeen and twenty-two years, of 
sound health, and free from any infrmity which may 
render them unfit for military service. The candidates 
are sent to the Military Academy at West Point, N. Y., 
where they pass a thorough examination in reading, 
writing, arithmetic, grammar, geography, history, ete. 
The course of instruction requires four years, and is 
largely mathematical and professional. The discipline 
is very strict, even more so than in the army. From 
the middle of June to the end of August the cadets live 
in camps and receive practical military instruction. 
While the cadet is obtaining his education he receives 
$540 per annum, which is sufficient for his support. 
After graduating, the cadets are commissioned as 
second lieutenants in the United States army. 

Before the present war with Spain the regular army 
of the United States consisted of 27,532 men—2,179 offi- 
cers and 25,358 enlisted men. On June 30, 1897, the 
distribution was as follows : 

















Enlisted “ 

Officers. men. Total. 

Twenty-five infantry regiments..... 910 12.871 13,781 

Five artillery PE 200 3,034 4,244 

Ten cavalry iccsancestnts 7 6,010 6,457 
Engineering battalion, ordnance de- 
nents, hospital service, In- 
dian scouts, West Point Military 
Academy, Signal Service, re- 

cruiting parties and marines,... 532 2,538 3,070 











There were three Major-Generals—Miles, Merritt and 
Brooke, and six Brigadier-Generals, Otis, Coppinger, 
Shafter, Graham, Wade and Merriam—in addition to 
the departmental officers detailed for duty at Wash- 
ington. 

On April 23, 1898, Congress passed a bill reorganizing 
the army. This enactment provides that all infantry 
regiments shall consist of three battalions instead of 
two, and that all arms of the service are to be recruited 
up to their full strength. It will be seen by our figures 
that the twenty-five infantry regiments had only 12,871 
enlisted men a year ago. When the skeleton organiza- 
tions are recruited to their full strength under the new 
law the infantry will number 31,800, the cavalry 12,000, 
the artillery 16,457 and the engineers 752; with the 
officers the total will be 62,000. 

The bill reorganizing the army provided for 25 maj- 
ors, which are to be a permanent addition to the offi- 
cers of the regular army ; 150 comunissioned officers, to 
provide for the companies in the 3 battalions of each of 
the 25 regiments of infantry; and 84 second lieutenants, 
being one for each of the 84 batteries of artillery when 
recruited to their full strength. 

The commander-in chief is, of course, ex-officio, the 
President of the United States. The Secretary of War 
is the Hon. Russell A. Alger, and the Assistant Secre- 
tary of War is the Hon. George D. Meiklejohn. 

Like the grades of Admiral and Vice-Admiral, the 
army also has two grades which are not at present filled 
—General and Lieutenant-General. We have had only 
four Generals, Washington, Grant, Sherman and Sheri- 
dan. A General is supposed tocommand an army. At 
present there are no Generals or Lieutenant-Generals 
in active service, but the ranking general, Major-General 
Miles, commands the army. An army is a large and 


organized body of soldiers generally composed of infan- 
try, artillery and cavalry, completely armed and pro- 
vided with necessary stores, etc., and the entire force 
is under the direction of one general, who is called the 
‘‘general-in-chief.”. The army is subdivided as fol- 
lows ; the grades of rank and commands appropriate to 
each grade are given. 

An “army” is divided into two or more corps com- 
manded by a Major-General. A “ corps” is the largest 
tactical unit of alarge army. A corps is usually organ 
ized with separate staff, infantry, cavalry, and artil 
lery regiments as well as auxiliary services, so that it 
is really a small army complete in itself. A corps 
is usually composed of three divisions, each com- 
manded by a Major-General or a Brigadier-tieneral. 
A “corps” is also any body or depertment of an 
army which is not detached, but has its own organiza- 
tion and head, as the “Corps of Engineers.” Each 
“division” is composed of three brigades, and there 
may be an independent brigade of cavalry or artillery. 

A “brigade” consists of three regiments, though 
there may be more, and it is commanded by a Briga- 
dier-General, and sometimes by a Colonel. A “‘regi- 
ment,” which is the administrative unit, is commanded 
by a Colonel, and it is divided into a number of compa- 
nies, from ten to twelve in number, each composed, 
under the present law, of 106 men for the infantry, 100 
men for the cavalry, 200 men for heavy artilery, 173 
men for light artillery and 150 men for the engineers, 
A “company” is commanded by a Captain, Two or 
more companies form a ** battalion,” and the battalion 
is commanded by a Major. 

The relative rank between the officers of the army 
and navy is as follows: General with Admiral ; Lieu- 
tenant-General with Vice-Admiral; Major-General 
with Rear-Admiral; Brigadier-General with Commo- 
dore - Colonel with Captain ; Lieutenant-Colonel with 
Commander; Major with Lieutenant-Commander ; 
Captain with Lieutenant; First Lieutenant with Lieu- 
tenant (junior grade); Second Lieutenant with Ensign. 

The pay of the officers in active service is as follows : 
Lieutenant-General, $11,000; Major-General, $7,500; 
Brigadier-General, $5,500 ; Colonel, $8,500; Lieutenant- 
Colonel, $3,000; Major, $2,500; Mounted Captain, $2,000; 
Captain on foot, $1,800 ; a regimental Adjutant, $1,800 ; 
regimental Quartermaster, $1,800; First Lieutenant, 
mounted, $1,600; First Lieutenant on foot, $1,500; 
Second Lieutenant, mounted, $1,500; Second Lieuten- 
ant on foot, $1,400. All of the officers from the Colonel 
down receive additional amounts after five, ten, fifteen 
and twenty years’ service, but there isa limit to this 
amount; thus the maximum pay of a Colonel is $4,500 
per annum. The pay of a private, whether artillery, 
cavalry or infantry, is $13 per month for the first and 
second years, $14 for the third yeur, $15 for the fourth 
year, $16 for the fifth year. After five years’ con- 
tinuous service they receive $2 per month extra, Dur- 
ing this war 20 per cent is added to the pay of all 
enlisted men (but not to that of officers). 

The policy of the United States in having a small 
military establishment has led to the organization of 
a large body of reserves, which are known as the 
‘* National Guard.” According to the latest accounts 
received at the office of the Adjutant-General in 1896, 
there were in the National Guard of the various States 
and Territories 9,376 commissioned officers and 106,251 
non-commissioned officers, privates, musicians, etc., 
making a total of 115,627, and the number is now 
somewhat greater. It is entirely optional whether 
eligible citizens join the National Guard or not, and 
they elect their own officers, but it is safe to say that 
this body of reserves is recruited from the best and 
most patriotic element of the population of the United 
States. Congress makes an appropriation each year 
for the support of the militia in the various States, and 
the States also afford help and build armories, in order 
that the troops may be well drilled, as the regiments 
are really intended to defend their own States pri- 
marily, although in time of war they furnish an exeel- 
lently drilled body of volunteers. In nearly every city 
of any great size there is one or more armories, and in 
the smaller cities and towns there are separate com- 
panies which have armories or drill halls. The militia 
in each State is divided into brigades, regiments and 
companies. It has now been devided that the Presi- 
dent of the United States has the power to call upon 
any of the military organizations of the States, but 
usually the request for troops is made by the Governor 
of the State. The National Guard, or the “ militia,” 
unlike the regulars, are a familiar object to all those 
who live in cities, and it is probable that the preseri*t 
war will demonstrate the efficiency of this method of 
procuring a large addition to the regular military 
force. 

On April 22, 1898, Congress passed a bill authorizing 
a temporary enlargement of the army during any war 
and giving to the President of the United States the 
power to call for volunteers, and on April 23 he issued 
a proclamation calling for 125,000 volunteers, to serve 
for a term of two years unless sooner discharged. After 
the battie of Manila and the bombardment of San Juan 
it was thought that it would be wise ‘to ask for a second 
body of volunteers, so on May 25 the President called 
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for 75,000 additional volunteers. 


Some of the men ac-/the Fifth Corps, Tampa (General Shafter is now in| able for military duty, and the War Department keeps 


cepted were not members of any regiment or troop, but | Cuba with the troops); General Wilsen, the Sixth | accurate records, showing the exact extent to which 
on April 25 a telegram was sent to every Governor giv- | Corps, Chickamauga; General Lee, Seventh Corps, | the army could be enlarged, should oecasion require. 


ing the quota expected from the State. It was the 
President's wish that the National Guard or State 
uilitia should be used as far as their number would 
permit, for the reason that they were organized, 
equipped and drilled. The National Guard responded 
promptly, and most of the regiments are now mustered 
into service. 

Some of the regiments were of a special character, as 
the Roosevelt “Rough Riders,” which have displayed 
so nuch bravery in the advance on Santiago, and the 
‘Astor Battery,” made up of carefully selected men 
and equipped with mountain cannon. A number of 
professional men, engineers, civil, electrical and me- 
chanical, have organized a regiment to be composed of 
practical wen in all branches of mechanics. The offi- 
cers of the National Guard are elected in time of peace 
by the men composing the regiment, and in the present 
‘nergency in nearly every case these officers were re- 
tained. The higher officers, Brigadier-Generals, ete., 
were appointed by the President, and were taken from 
West Point graduates, the State militia or civil life. 
The lower officers of the volunteers who were unattach- 
ed to a military organization were taken from civil life. 

In the latter part of April the concentration of the 
began at Chickamauga, Ga., Mobile, Aia., 
Tawpa and Key West, Fla., and at San Francisco, and 
troops have now been dispatched to the Philippines 
and Cuba. Some of the regiments sent to the places 
of rendezvous did not have quite the full number of 
companies (twelve), and as many of the companies 
were not recruited up to their full strength (109 officers 
and men), the War Department decided to place the 
first 25,000 men enlisting after the second call in ex- | 
isting organizations, to bring them up to their full | 
strength before any new regiments were formed. In | 
addition to the men already ealled for, provision was | 
made for enlisting 10,000 ** immunes,” or soldiers proof | 
against yellow fever, 8,000 cavalry and 8 regiments of 
engineers. When the regular army is recruited to its 
full strength, 62,000, there will be a force of 278,500 men 


troops 





under arms. 

Between May 4and June 9, the President appointed 
twelve Major-Generals of volunteers. Seven of these 
were Brigadiers : Joseph C. Breckinridge (Inspector- 
General), Elwell 8. Otis, John J. Coppinger, Williaa | 
R. Shafter, William M. Graham, James F. Wade and 
Henry C. Merriam. Five of the new Major-Generals 
were taken from civil life, but had seen service during 
the late civil war: James H. Wilson, of Delaware, and | 
J. Warren Keifer, of Ohio, had been in the Union| 
army, and Fitzhugh Lee, of Virginia (lately Consul- | 
General at Havana), Joseph Wheeler, of Alabama, and 


M. C. Batler, of South Carolina, were Confederate 
generals. 


pointed also 
during the six 
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experience in actual warfare. It 
Sixty-nine Brigadier-Generals of volunteers were ap- | have 10,000,000 men in the United States who are avail- | 


Tampa; General Wheeler, Cavairy, Tampa (now in 
Cuba). General Breckinridge was kept busy for some 
weeks with inspection duty. General Merriam on the 
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North Pacific Coast, and Generals Keifer and Butler 


had not been especially assigned up to June 10. 
In October, 1897, the departmental officers were as 
follows : 
Adjutant-General Brig.-Gen. Samuel Breck. 
Inapector.General......... see Brig.-Gen, Joseph C. Breckinridge. 
Quartermaster-General ............ Brig.-Gen. G. H. Weeks. 
Commissary-General..... -Brig.-Gen. William H. Bell 
Surgeon-General........ ... Brig.-Gen, George M. Sternberg. 
Paymaster-General,. . .. ....... Brig.-Gen. Thaddeus H. Stanton. 
Chief of Engineers .. Brig. Gen. John M. Wilson. 
Chief of Ordnance -_ . Brig.-Gen. Daniel W. Flagler. 
Judge Advocate—CGencral . Brig.-Gen, G. N. Lieber, 
Chief Signal Officer ‘ Brig.-Gen, Adolphus W. Greely. 
Chief Record and Pension Officer. ..Colonel F, C, Ainsworth. 
Public Buildings Superintendent... .Colonel T, A. Bingham. 


Such is, in brief, the organization of the army which 
fighting our 


is now battles. One of the advant 
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ages to be derived from the present war will be the | 


lesson taught in regard to our military system. We 
are now enabled not only to clearly perceive the ab- 
solute necessity of adequate military organization and 
preparation for both the army and the navy, but we 
are in a position to obtain information which will en 


‘able us to perfect this organization in the only manner 


by which it can be made thoroughly efficient, which is 
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MILITARY RIFLES. 

THERE are two general classes of rifles now in use in 
the military service of the United States, viz.: Single 
loaders and magazine guns. The single loader class 
are breech-loading guns, which require the insertion 
ofa eartridge by hand into the chamber before firing 
each shot. The Springtield rifie isa gun of this class. 
The magazine class are also breech-loading guns and 
consist of two kinds, viz. : 

1. Those which are provided with a device known as 
the * cut-off,” by which the cartridges in the magazine 
when charged, can be withdrawn from the aetion of 
the bolt and which enables the magazine to be held in 
reserve while the arm is used as a single loader, magi 
zine fire, however, being available at any moment. 
The United States magazine rifle used by the army is a 
typical gun of this kind: 

2. Those which, when 
eartridges, cannot 
this division 
class of magazine guns is represented by 
States navy rifle. 

As the United States volunteers are armed with the 
Springfield rifle, the regulars with the United States 
magazine rifle, and the marines and sailors with the 
United States navy rifle, all three systems will be used 
during the present war with Spain, and an excellent 


the magazine contains any 
be used as a single loader; arms of 
This 


United 


are, strictly speaking, repeaters, 


the 


opportunity for obtaining, under actual service con 


ditions, their relative merits and demerits will be 
offered. 

At the outbreak of the civil war, the Federal troop 
with muzzle-loading muskets, using the 


During that war breeeh-loading arn 


were armed 
percussion cap. 
were used in the military service in this 
the first time, and the urgent necessity of procuring 


eountry fk 


guns wherever they could be obtained resulted in the 
introduction into the service of many different patterns 





is estimated that we | 


of arms, requiring a great variety of ammunition. 
| This led to great confusion in obtaining extra parts 
| for making repairs and in supplying the right kind of 
|}ammunition to the different regiments. 

In this war the army has only two arms, 
field rifle and the United States magazine rifle : 


the 


the Spring 
and as 
the 
latter, no such confusion in supplying ammunition will 


the volunteers have the former and regulars 


exist as did during the civil war. 
once be 


As soon as the civil war was ended, work at 

gan at the Springfield armory, where all rifles for the 

army are made, to perfect a breech-loading weapon. 

After several years’ experimenting, a system was per 

fected and a number of the guns were made and issued 
| to the regular army for practical trial 

The Springfield Rifle. 

In 1873 a board of officers, of which Brigadier-General 

A. H. Terry, 

United States 








weeks prior to 
June 14 Of 
these, twenty- 
seven had been 
Colonels in the 
regular army. 
Fourteen Lieu 
tenant-colonels 
were made 
Brigadier-Gen 
Major- 
General Nel 

son A. Miles is 
in command of 
the whole 
army. General 
Merritt, with 
General Otis 
in com- 
mand, has been 


erals. 


next 


assigned to 
the Philip- 
pines. General 
Brooke was 
placed in 
charge of the 
First Corps, 
with head- 
quarters at 
Chickamauga ; 
General Gra- 
ham, the Sec- 
ond Corps, 
Falls Church, 
V a.:; General 
Wade, the 
Third Corps, 
Chickamauga ; 
General Cop- 
pinger, the 
Fourth Corps, 
Mobile: Gen- 
eral Shafter, 
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army, Was pre 
sident, recom- 
mended the 
adoption of the 
’ Springfield ” 
system, after 
testing In com- 
petition 99 dif 
ferent arms of 
American in- 
vention and 9 
foreign arms, 
including the 
then 
Chassepot, 


famous 


needle-gun 


and Martini- 
Henry. 

The arm 
adopted was 
made and is- 
sued to the 
army and to 
the militia of 


the different 
States: it was 
known as the 


Springfield ri 
fle, rnodel 1873. 


In 1878 a new 
mode! of the 
same system 


was adopted, 
which embodi 
ed many im 
provements, 
In 1888 
changes 


other 
were 
embodied in a 
new model, the 
prineipal being 
the substita- 











UNITED STATES MAGAZINE RIFLE (KRAG-JORGENSEN), 2, SPRINGFIELD RIFLE, 3, NAVY RIFLE (LEE), 
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tion of the 
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knife bayonet for the old triangular. The tnilitia of | gan was immediately begun. This arm is officially 
the States of New York and Massachusetts have re-| known as the United States magazine rifle. 
cently been equipped with this arm. | ‘The first model made was that of 1892; but after two 
Three different models of rear sights were made for| years’ experience with the gun in the regular army, 
the Springfield rifle, viz.: Those of 1873, 1879 and 1884,/and in its manufacture, many improvements were 
each being an improvement on and replacing its pre 
decessor. The number of different models through 
which both the Springfield rifle and its sights have 
passed, testify to the constant attempt made by the 
Ordnance Department of the army to produce the 
best possible arm. Such is the history of the adoption 
of and the progress made in the manufacture of the 
Springfield rifle; that of its effectiveness and reliability 
is best written in the record it has made in the hands 
of the regular army against the Indians ip the West, in 





the remarkably high proficiency attained in target 
practice by the regular army as a body, and in the un 
shaken and profound confidence which every soldier 





bas in that rifle. 


Th's arm was so beloved | 


oy the old soldiers of the A 


army that, when it was replaced by the magazine 





rifle, many parted company with the gan they had 
used in so many 
trying places with 
sai hearts, and 
looked upon the 
newcomer as an 
intruder. 

The operation 
of loading and 
firing the Spring 
field rifle is as fol 
lows Raise + the 
hammer to the 





safety notch, 
then, with the 
thumb of the 
right hand, lift 
the cam lateh 
until the breech 
block opens, and 
swing the latter 
upward and forward on its hinge until it operates the ex-| made and are embodied in the model of 1896; in fact, 
tractor, which withdraws the empty cartridge case from | every single component part was improved. The 
the chamber. The case is thrown by the extractor to Springfield armory is now making the third model, that 
the rear against the ejector, by which it is forced out of | of 1898, which embodies still further improvements 
the receiver. A cartridge is then inserted in the re-| over that of 1896. These changes show how critically 
ceiver and forced forward into the chamber by the | every part of the gun is studied for the purpose of 
right hand; the breech block is turned downward tothe} making it as nearly perfect as possible. 

rear and closed, and the hammer full cocked, when the! Two model rear sights have so far been made, viz., 
gun is ready to fire. The rifle, exclusive of the bayonet, | those of 1892 and 1896, of which the former is no longer 
is composed of 75 component parts. Thirty-six aimed|in use. The model 1892 allowed no adjustments for 
shots have been fired from this gun in two minutes. | elevation to be made except for each 100 yards, while 

















It was, therefore, decided to make a sight suited for the 
actual conditions of war, i. e., a war sight, rather than 
one suited to the conditions obtaining on a target 
range. This decision is based on sound principles, for 
if a soldier learns to depend upon adjustments of his 
sight to enable him to hit the exact point aimed at, 
and finds himself under conditions that cause him to 
omit making the adjustments, he is far worse off than 
if he had learned to use asight without adjustments, 
and toallow for the deflection of the bullet by aiming 
to either side of the target. Which is the better sight 
for our service is a much debated question, and one 
which this present war may decide. 

The United States magazine rifle is the simplest arm 
of its kind to take apart, as all of the bolt and maga- 
zine mechanisms can be dismounted and again assem- 
bled without the use of a single tool. 

The magazine holds five cartridges, which can be 
held in reserve by turning the cut-off down; the gun 
ean then be used as a single loader, just as if it had no 
magazine and, at any moment, the cartridges in the 








NEW UNITED STATES MAGAZINE RIFLE (KRAG-JORGENSEN). 





On November 2&4, 1890, a board of officers was ordered | with the model 1896 the elevation can be varied for 
by the War Department to 
consider and recommend a 
suitable magazine system 
for rifles and carbines for 
the military service, it 
being deemed imperative 
that the army should be 
armed with an “up-to-date” 
weapon. The members of 
the board at the date of 
final report were: Lieut.- 
Col. R. H. Hall, 6th infan- 
try: Lieut.-Col. J. P. Far- 
ley, Ordnance Department: 
Major H. B. Freeman, 16th 
Infantry: Capt. 8. E. 
Blunt, Ordnance Depart- 
ment, recorder: Capt. G. 8. 
Anderson, 6th Cavalry. a” 

Fifty-three different mag- 
azine rifles, including the 
army rifles of all the principal nations of the world, | any range from 275 to 1800 yards ; in fact, allowance can 
were subjected to a long series of severe tests, and, as| be made for even one yard. Neither of these sights, 
the Krag-Jorgensen made the best record, its adop-| however, permitted adjustment to overcome the drift 
tion was recommended by the board on August 19,| of the bullet or deflection produced by the wind, and 
182, which recommendation was approved by the Act-|the absence of such feature has been a source of 
ing Secretary of War, Mr. L. A. Grant, on September| much complaint on the part of the troops, formerly 
15, 1892, accustomed to the model 1884 sight on the Springfield 

The United States Magazine Rifle. rifle. This feature was omitted by the War Depart- 

The fact that this arm was of foreign invention pro-| ment because the experience of the civil war proved 
duced wuch dissatisfaction among American inventors, | that a soldier when under fire would seldom, if ever, 
and the board was ordered by the Seeretary of War, | think of making such fine adjustments with his sight. 
on March 1, 1893, to recon 


SPRINGFIELD RIFLE. 


vene for the purpose of 
giving American inventors 
a chance to further per- 
fect their arms, and of hav 
ing them again tested 
Fourteen American guns 
were tested this time, but 
not one was found to equal 
the Krag Jorgeusen 

As soon as this gun was 
formally adopted, the man 
ufacture of the Springfieid 
rifle was stopped at the 
Springfield armory, ana 
the installation of the 
plant for making the new 














magazine can be fired with wonderful rapidity. Con- 
stant firing from 
the magazine 
tends to produce 
carelessness in 
aiming, as the 
mind becomes 
bent on deliver- 
ing a large num- 
ber of shots rather 
than on making 
each as effective 
as possible. For 
this reason the 
army drill regula- 
tions require that 
the rifle should be 
habitually used 
as a single loader, 
reserving maga- 
zine fire for re- 
pelling charges or for fighting at close quarters. 

To load this arm, the bolt handle is raised and pulled 
to the rear in one continuous motion, which operation 
withdraws the empty cartridge case from the chamber 
and ejects it from the gun. The top cartridge in the 
magazine then rises in front of the bolt, if using maga- 
zine fire, or a cartridge is dropped in front of the bolt 
by hand, if using single loader fire, and the bolt handle 
pushed forward and turned down. This motion seats 
the cartridge in the chamber and cocks the piece, 
which is then ready to fire. 

In a rapid firing test for accuracy, forty-two shots 
were fired in two minutes, 
using the gun as a single 
loader, and forty-six were 
fired in the same time, us- 
ing the gun as a magazine 
arm. To charge the maga- 
zine, the gate is opened 
and five cartridges inserted 
from a clip or from the 
hand; the gate is then 
closed. The shock of dis- 
charge is sustained by the 
front lug on the bolt, and 
should this lug yield under 
excessive pressure, the sec- 
ond lug would then per- 
form the office of the front 
lug, thus giving double 
support to the bolt, 

The bayonet is of the 
knife pattern and used 
not only as a weapon, but for cutting meat and brush, 
and as an intrenching tool. 

There are 85 component parts in this rifle, exclusive of 
the bayonet. The bullet for this gun has a hard lead 
core covered with a cupro-nickel-steel jacket. 

The Navy Rifle. 

The navy rifle was adopted after a series of tests 
made by a board of navy officers. The arms tested 
were all of American invention, and that adopted was 
the Lee straight-pull rifle. 

This gun cannot be used as a singlé loader when the 
magazine contains any 
cartridges, and is virtually 
a repeating arm. The mag- 
azine holds five cartridges, 
which are packed in a clip 
by which they are inserted 
inthe magazine. The clips 
are carried in pockets in 
the belt and in the blouse. 

The most noticeable fea- 
ture of this gun is the 
working of the bolt. In 
opening it, the rear end is 
raised until the lug, which 
sustains the shock of dis- 
charge, is free from the re- 
ceiver; the bolt is then 
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UMC Ammunition _ 


IS ALWAYS AT THE FRONT. 





It holds its position a reliability. 
Cartridges, Military and Sporting. 
Rapid-Fire Ammunition, !-pdr. to 8-inch. 
Loaded and Paper Shells, 
COMPLETE CATALOGUE FREE, 


ee 


The Union Metallic Cartridge Co., 


BRIDGEPORT, CONN. 


WOOD WORKERS 


Chisels, Pattern 
Gouges, Makers’ 
Turning Gouges. 
Tools. Carving 
aes Tools. 
RAZORS. Send for 


Price List. 
BUCK BROS, 
CAST STEEL 


‘Oster Patent Stocks & Dies. 


Cutting 4 tol . $7.00 
Cutting  to2-.. 12.50 
Cutting 144+ to 3+ . 20.00 


OSTER MFG. CO., 
85 Prospect St., 


Agency... 
313 Broadway, N. Y. 




















BUCK BROTHERS, 
Millbury, [lass. 








ARMY AND NAVY: 
UNIFORMS. 


Khaki Suits 


SEND FOR SAMPLES AND PRICES. 


OAK HALL CLOTHING CO.,. 








AA2020004 


IRON CITY TOOL WORKS, wi 


PITTSBURGH, PA., U. S. A. 


Manufacturers of All Kinds ot 


LIGHT FORCINGS, 
STANDARD RAILWAY TRAGK TOOLS 


seam TOOLS 
{f you wait its 


BEST TOOLS 









Made froin Special 
CRUCIBLE ING STEEL. 
Cannot be Sn wron 

NEVER KNOWN TO FAIL y) 
ON /RON OR WOODWORK * 
PITTSBURGH 


EUREKA NUT LOCK, guaranteed to hold Nut and Bolt secure. Strong- 
est spring lock ever made. Can apply with any Nut. Many in use on 
Track Joints, Engines, Cars, Car Trucks, Bridges and Machinery. 





Lectures on Elementary Mathematics. 


By JOSEPH LOUIS LAGRANGE, 


from the French. With fine photogravure portrait of the great 
mathematician. Pp. 150. $1.00 (5s.) (In Preparation ) 


Only separate edition in English or French. Regarded by high authorities as the 
concisest and most philosophical exposition of the elements. Treats(1) of the operations 
of arithmetiv ; (2) of logarithms, continue oe etc.; (3B) history of algebra, equa 
tions of the third and fourth degrees, etc. (4) numerical equations; (5) the usage o/ 


| ~ Wach's 
Popular Scientific Lectures.” 


he law of the in- Third Edition. Pp, 411. $1.50. Cloth. Just Published. 


of the law of the in- 
oo peso. ae 
whole string 0 8 2 ° . 4 * y 
is ip equilibrium. Contains lectures on Mechanics, Sound, Light, Electricity, Con- 


Cut the | . . 
ee an baie servation of Energy, Photography of Projectiles, Psychology, 


pert. ane LF 
t ides still re- ° 7 
pncd my by Philosophy, Education, 


main in equilibrium; 





95 to 105 WASHINGTON STREET, 


BOSTON, MASS. i Cleveland, 0. 





from condensation—and a scientific steam trap 





ike the « Heintz’ is about the only practical | 


| 
| 


methcd of keeping your heating and power | 
system at its maximum—you can save 254 of| 


your fuel, increasing in efficiency. 


necd 
stcam 
ree 


Just as good on marine _ installations—the 


“Heintz"’ works in any position, any tempera- 
ture, any pressure. 

Our Booklet «H,"’ with a lot of practical tes- 
timony of interest, will be sent free on receipt 
of your name. 

WILLIAM S. HAINES COPIPANY, 


136 South Fourth St., PHILADELPHIA, PA. 





Branches in most cities, 


| or as the lengths.— 


hence the powers on : : 
the sides are as the “ Has scarcely a rivalin the whole realm of popular scientific writing.''— Boston 
number of the balls, Traveller. 

by) = * May be fairly called rare.”—Prof. Henry Crew, Northwestern University. 

ene Lectures Scien- + Bvyerything he (Mach) writes is a work of genius.”—Prof. James, Harvard. 


Mach’s Science of Mechanics.” 


Critical History of the Principles, from their Origin to the Present Day. 250 Cuts. 534 
Pages. Marginal Analyses. Exhaustive Index. Half Morocco, $2.50, 


Treats (1) of all the principles of Statics and Dponiets (2) of their history and 
their mode of growth; (4) of the achievements of Archimedes, Stevinus, Kepler, 
Galileo, Newton, Guericke, Pascal, the Bernoullis, D’ Alembert, Maupertius, Euler, 
Lagrange, Gauss, Hamilton ; (4) of the modern principles; and (5) of the history and 
phiocaphy of Science generally as an econom y of thought. 


*Mach's Mechanics is vnique. It is not a text-book, but 
Pt a useful supplement to the ordinary text-book. The 
latter is usually a skeleton outline, fuil of mathematical 
symbols and other abstractions. Mach’s book bas ‘mux 
cle and clothing,’ and being written from the bistorical 
standpoint, introduces the leading contr.butors in succes- 
sion, tells what thes did and how they did it, and often what 
manner of men they were. Thus itis that the pages glow 
as it were with a certain humanism, quite delightful in a 
scientitic book.” 

The Physical Review, New York and Lon4on. 





Ss “Sets forth the elementa of ‘ts subject with a lucidity, 
clearness and force unknown in the mathematical text- 

OOde books - isadmirnabdly fitted to serve students as an in- 

. troduction on historiral lines to the principles ot mechani- 


al science,” —Can D, Q : 
Iilustration from the first work on the laws of Ott aoa, Clade a Sy 6 ee ae 
impact, (168) A. D.) 


Mach's * Science of Mechanics.” “Itisoneof those booke which have the rare bappiness 


of suggesting a want in literature.”—Sctentific American 


Any reader mentioning this advertisement, upon application to the publishers, will receive gratis a set 
of portraita af philosophers and scientists with Jull descriptive circulars of The Open Court publications, 


THE OPEN COURT PUBLISHING COMPANY, 


$24 DEARBORN STREET, CHICAGO, ILL. 
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drawn directly to the rear; 
forward into 
engages the recoil shoulder of the re- 


moved position and the rear lowered 


the lug 
[he bolt is manipulated by means of a pivoted 


uotil 

ceiver 
handle on which is a lever arm that engages in a pro- 
jecting recess on the receiver; and this lever arm raises 


and lowers the rear end of the bolt, so that the motion 


of opening or closing it is continuous, 


In a firing test for rapidity with accuracy, 36 
shots were fired in two minutes, using the arm as a 
single loader, and 56 shots m the same time, using 


it as a Magazine gun 

From a comparison of the above three rifles, it ap 
pears that the United States magazine army rifle can be 
fired more rapidly as a single loader than either of the 
other two, and that the rapidity of fire of the navy 
rifle exceeds that of the army when magazine fire is 
used 

There are 87 components in this rifle, exclusive of the 
The bullet for this gun consists of 
covered with a copper jacket. 


bayonet and sling. 
a hardened lead core, 
The bayonet is of the knife pattern, but shorter than 
that of the army gun. 

I'he following table gives the principal details of the 


above three arms 
| 
Springfield |U. 8S. Maga- U,S. Navy 
Rith | zine Ritk Rifle 
Length of barrel, inches R6 ¥) 28 
Weight of gun, without bayonet } 
pounds 3 | 92 85 
Weight of ba grains | we 20 i 112 
Weight of powder charg grains, ..| 70 Bw ad i S2 
Wei fa lowled cartridge—grains. | +H) sr 
++ owe eit | Ls Ci 2.000 | 2.600 
Ex ing vards | ON) | 4.006 
N er f : quired for | 
b tt ‘ extren 2 2 | Mr | 
Pe t } at 1 ar le | 
i : j sl 


ie a | 1144 


rhe accuracy, or the radius of the circle that should 
contain ten fired 
marksman for the Springfield and army magazine rifles, 


consecutive shots by an average 


is given in the following table 


Springfield Rifle 
Caliber 45 


Inches Inches 


The accuracy for the Springfield rifle, caliber 45, was 
not recorded beyond 1,000 yards, although much firing 
with it was done at all ranges up to 3,500 yards. From 
this table it is seen that both rifles are about equally 
accurate up to 500 yards, and that at longer ranges the 
rifle becomes more and 


superiority of the magazine 


nore apparent 


rifle as at 1,000 yards 


fighting will be done at 


with the magazine 
with the Springfield As all 


a country having such dense under- 


be made 


ranges in 
is exists in Cuba, the Springfield, from the 


short 
growth 
point of accuracy, is as desirable a rifle as is the maga- 
zine for the present war 

The regular army, with the Springfield rifle, ranked 
first in the world for years for 
with a still more accurate weapon will undoubtedly 
surpass ita former records. 

The amount that wind of a certain velocity, blowing 
perpendicular to the line of fire, will deflect a bullet, 
depends upon the weight of the bullet, the length of 
and the 
area of the section of the bullet through its longest 


In the case of the caliber 45 and ealiber 30 bul 


time it is exposed tothe action of the wind, 
AXis. 
lets, the smaller ar 
the latter, more than offset the greater weight of the 


rea, and the shorter time of flight of 
former. The deflection of the bullets produced by a 
one mile wind at right angles to the plane of fire is 
able for the Springfield and 


in the following 


United States army rifles 


given 


Magazine rife Springfield rifle 
Yarde Caliber 3 Calibe> 45 
Tne hes Inches 
ho oe o4 
aw 13 1% 
sae 23 25 
UL vh 40 
Th 49 55 
ha oe 75 
TO a7 | ro 
iw) 111 30) 
“ee 24 170 
: os 170 Rv 
( nye 
Law > ‘ | 
1a aR 
1,490 &3°7 
1.500 1 
1,60) 00 
1,700 > 516 
1,800...... 589 





in closing the bolt, it is | 


ithe bullet by the wind, of the navy rifle, are obtain- 


| upon striking than has a steel-jacketed bullet. 


| . ‘ ba 
the wind than is the army caliber 30 bullet. 


At 1,300 yards as good a target should | 


Here again the 30 caliber rifle has a slight advantage 
over the caliber 45 as atarget gun. By drift is meant 
| the distance that a bullet deviates to either side of the 
| plane of fire when not influenced by the wind, i. e., 
|when traveling in a dead calm. Drift is due to the 
rotation of the bullet about its axis, imparted by rifling, 
during its passage through the bore of the barrel. 

A barrel in which the twist of the i fling is right 
handed will generally cause the bullet v drift to the 
right, but in some of the small-caliber rifles the oppo 
site has apparently been found to be the case. After 
careful investigation, it is now found that when the 
rifling, has a right-handed twist, the drift will be to the 
right, and vice versa, and that the apparent drift to the 
left is due probably to a momentary twisting of the 
barrel during the passage of the bullet through the 
bore. This yielding of the barrel can be overcome by in 
creasing the area of its cross-section until its strength 
is great enough to resist the twisting force developed 
while the bullet is passing through the bore. 

The Springfield rifle, when fired in a dead calm, 
shoots to the right, while the army magazine rifle 
shoots to the left, as shown by the following table: 





























Few records of the accuracy, drift and deflection of 


able, but it is understood that comparative firings made 





simultaneously with the three arms described herein 
show that the navy rifle has the greatest penetration 


not stop astrong man unless he is struck in a vital 
spot. There can be no question of the stopping power 
of the ealiber 45 bullet. This is a subject that the 
army and navy surgeons can be relied upon to settle 


. 


definitely during the present war, if opportunity is 


afforded. 


\ its full hallistie properties. 


Geet 
> 


in 
id 


THE WORLD’S PROGRESS IN THE MANUFACTURE OF 
ORDNANCE.* 

THE accompanying tables of our own ordnance and 
that of the leading manufacturers of the world are in- 
troduced to show the general direction in which the 
design of heavy ordnance is tending at the present 
time. Comparing the guns of Elswick, Krupp and 
Schneider-Canet with our own, one is struck with the 
great length and high velocities of the foreign guns, 
especially those of Schneider-Canet, which have in 
some cases the abnormal length of 80 calibers and ve- 
locities running as high as 3,281 feet per second. 

These features are due to the introduction of 
smokeless powder, which on account of its slow-burn- 
ing qualities requires a great length of bore to develop 
In our article on this sub- 
ject itWas pointed out that the early guns were short, 
anfvery thick at the breech, possessing a form which 





—— a eS was determined by the quick-burning qualities of the 

to the left. to the’ right. powder employed. The instantaneous conversion of 

Wil ia\. iiiesdinc| — | —— oe charge into gas at the moment of firing produced 

Berronesesnstonses “| ay + extreme pressure at the breech and called for great 

400 67 R strength at that part of the gun. The introduction of 

= Rin Mase re 161 the smokeless powders,,with their capacity for being 

Ba erm eanesereneses +4 = converted slowly into gas, made it unnecessary to pro- 

Riisiditedikescsonss 07 357 vide so heavy a breech, but desirable to prolong the 

ashes 5 tape | wid ™ bore of the gun. If smokeless slow-burning powder is 


burned in a gun of shorter length than that for which 
it is designed, a large part of it will not have time to 
be consumed before it reaches the muzzle, and will pass 
from the gun in the solid state. 

The limit of useful, or at least of unobjectionable, 
length is probably reached at 50 calibers for the 


up to 300 yards and that at all longer ranges its pene- ‘rapid-fire guns of medium caliber, and at 45 calibers 


tration is less than that of the army magazine rifle , |for the heavy rifles. 


Elswick, Vickers and Krupp do 


at ranges greater than 1,000 yards the penetration of | not build guns whose bore is over fifty times the dia- 


the navy bullet is even less than that of the Spring- 
field rifle. When the weights of the three bullets, 
which are 112 grains for the navy, 220 grains for the 
army caliber 30, and 500 grains for the caliber 45) 
Springfield, are considered, this result is what would 
be expected, for the velocity of the lighter bullet falls 
off much more rapidly than that of the heavier one. 
\t extreme ranges, the penetration of the caliber 45 
bullet is even greater than that of the caliber 30 ; more- 
over, the jacket of the navy bullet is copper, and, con- 
sequently, it has afar greater tendency to mushroom 


The lightness of the navy bullet causes it, at ranges 
greater than 800 yards, to be much more affected by 





Both the navy and army magazine rifles use smoke- 
less powder, which in firing 
produces ouly a light puff of 


UNITED STATES NAVAL ORDNANCE. 


meter in length ; and only Canet, who has always been 
an advocate of great length, goes beyond this, turning 
out a 63-inch gun up to 60 calibers, and a 4°7-inch 
gun up to 80 calibers in length. These guns would be a 
positive nuisance on shipboard, and they are presum- 
ably intended for service only in fixed fortifications. 
Our own guns, it will be observed, are invariably 
shorter, and show lower velocities and energies than 
the foreign guns. This is not to be taken as evidence 
that they are inferior weapons; for it is a generally 
conceded fact that in respect of durability and excel- 
lence of workmanship our army and navy weapons are 
equal to any produced in other countries. The differ- 
ences in length and ballistic results are due solely to 
the fact that our guns were designed for the use of the 


; brown powder, and the dimensions of powder chambers 














accurate shooting, and | 








smoke, or rather vapor, which ) 
instantly disappears. That ee | Musste | Perform 
jused by the navy is made NATURE OF GUN. Cattbre| Weight. | Tote servis hare wag te — Wrought 
abroad, while that for the a ee | frown Fowder. | Meanie? 
jarmy is all made in this coun- Gr is 9" » 2) eee | iweb. | tome | feet, ibe. io meets Ge, COREE 
try. The army has used the tino-p,MarkI, » © «!' 4 5 13°7 tol | 33 2000 915; 98 
Peyton, Dupont and Leonard +ing.r.Gun . 5» = «| 4 5 | 13-7 os | 33 | 2000 | 98 
smokeless powders, but of Sin.qa-r, Markl. . . 5 2-8 13°5 26 to 29 60 2000 1,660; 11-8 
these the first is found most Sing-r.Gun ., « «© «| 5 | S12 | 174 | 280080 50 | 2300 1,834] 13:2 
satisfactory and, consequent- Gin sun,MarklL ~ . «| 6 | 48] 158 50 100 | 2000 | 2,73/) .. 
ly, is the one most employed. Gin.pum,MakIL . 3. 38 «.| 6 49 | 16d 45 to 48 100 | 2000 13-8 
The rifle is used by the in- 6-in. Bum, Mark IIL, of 30 Cala .| 6 48 | 163 | 441047 100 | 2000 - on 
fantry; the cavalry have the Gin. num, Mark IIL, of 85Cala.| 6 | 52 | 18-8 pe 100 | 2080 200 | 14-7 
earbine, which is the same as Gin. nus, Mark III, of 40Cale. | § 60 | 213 “ 100 | 2150 3,204 15-4 
ithe rifle, except that the bar- Cmer@m - . » +} 6 zs 23 | 44 to 47 100 | 2150 | 3,200) 15:4 
rel is 8 inches shorter. The o> SA RS : {i29 M6 | MOE | BO | | 6S) 180 
United States magazine car- aes 3 OF OP Se oid =| = | = 
Sin. ot.a, Mark LIL, of 35 Cala . 8 | 13°1 25-4 be 250 2080 7,498 | 20-1 
| bine is a very handsome arm, Gin. nt.m, Mark 11h, of 40Caln.| 8 | 15°2 | 28°7 Fi 250 | 2150 8,011 | 2-1 
| well balanced and very accu- 10-in. nuk, Mark L, of 800aln . | 10 | 25°7 | 27-4 | 295t0940 | 500 | 2000 | 18,964 | 24-0 
rate. It weighs 8 pounds. 0-im nun, Mask 1, of 35 Cal .| 10 ee =e . an | com | cael wa 
The Spanish troops are ; a8°2 
armed principally with the 10-in. nim, Mark IL, of 30 Cale ..| 10 | 25:1 | )27-4 lo 500 | 2000 13,864 | 24-0 
Mauser rifle, model 1898. Its 10-in. mim, Mark IL, of 85Cal, .| 10 | 27-6 | 31-2 " soo | 2100 | 15,285 | 25-8 
caliber is 7 mm. or 0°276: its din. pom,MarkL . -!| 45°2 36 8 425 850 2100 | 25,985 | 30-8 
bullet weighs 173 grains and cna amet | g | ate bcs sed wna | _ weal sani 























has a muzzle velocity of 2,286 


l ow 
8°7 pounds, 


class, as it cannot be used as a single loader when the 
magazine contains any cartridges. These rifles are 
purchased by Spain from German manufacturers. 

The wounds produced by the bullets of the army 
magazine, the navy, and the Mauser rifles, are peculiar in 
that at short and very long ranges an explosive effect is 
produced, while at mid ranges a clean hole is made. The 
opportunities for fully determining the effectiveness of 
the small caliber bullets having high velocities have 
been few, and some complaint is heard that they do 


*For the tables of guns we are indebted to Bruff’s Ordnance and Gun- 
nery and Brasecy’s Naval Annual. 
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_ | foot-seeonds. The rifle, without the bayonet, weighs | and lengths of bores were determined accordingly. As 


the maximum pressure of the smokeless powder is 


The action of the bolt is similar to that of the United |} about the same as that of the brown powder, the for- 
States army rifle. This gun belongs to the repeating | mer could be used in our guns, although their relative- 


ly short length of 30 to 40 calibers would not permit us 
to obtain the high velocities which are given by the 40 
to 50-caliber guns of foreign makers. Of course, the 
short length might be compensated for by using 
the stronger smokeless powders with a high percent- 
age of nitroglycerine; but our ordnance officers have 
bat little faith in the stability of these powders (of 
which ballistite and cordite are the best known), and 
prefer to use for the navy an all-gunecotton powder, 
and for the army a powder containing not more than 
about 25 per cent of nitroglycerine. 

There is not the least doubt that smokeless powder 
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Born in Elgin -— - 


_ 


Born in the most complete and best equip- ’ am} 


ped Watch Factory in the world—12™% 
acres devoted exclusively to the making 
of watches, and the making of the 


machinery with which watches are 


made. 
An Elgin Watch always has 


the word “Elgin’’ engraved on 
the works—fuily guaranteed. 


THE WORLD'S 
STANODARO 
TIME PIE CE 
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run all ‘round the World 


They run with faithfulness and exactness, and their 
powers of endurance are so great that the 


Full ruby Jeweled Elgins 


are honored for their truthful time telling, even after 

a generation of active service. The pivots run in 

genuine rubies, polished and hard, insuring pre- 
cision and a wonderful wearing quality. 


Every Elgin Watch tested, 
timed and proven perfect before 
leaving the factory. 


EQN 


CAPACITY 
2500 WATCHES 
PER OAV 


A third of a century 's record— Nearly Eight Million Elgin Watches—more 
than any other factory in the world has produced in the same period. 
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UNITED STATES CARTRIDGE COMPANY 


MANUFACTURERS OF 


METALLIC AMMUNITION 


(S;OVERNMENT CSONTRACTORS 


LOWELL, MASS.. aa A, 


Apollo Best Bloom galvanized iron is stenciled : 


IRONSSTEEL COMPANY 
Leer | ST BLO 0087 


BT 
APOLLU WORKS EASY 
A galvanized-iron job—any job—is easiest done with per- 
fect iron; difficult work especially. 
Time is money, and doubt is money too. 
You can always get what you want of Apollo promptly. 
ls there any good reason for ever using poor iron? 


Apollo Iron & Steel Company 
Vandergrift Building 
Pittsburgh 
USA 


Rolling 7 leeated at Vandergrift and 
polio, Pennsylvania. 





3 | The New Contary » C —— 


THE HIGHEST POINT 
IN TYPEWRITER QUALITY AND 
EQUIPMENT. 





Don’t 

buy a 
typewriter 
until you 
see the 
New 
Century. 


CALIGRAPH 


Two New Models 
Nos. 5 and 6, 


Descriptive booklet on application. 


AMERICAN WRITING MACHINE COMPANY, 
237 BROADWAY, NEW YORK. 
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PRINCIPAL DIMENSIONS, WEIGHTS, ETC., OF FIELD AND SIEGE ARTILLERY. 
TaBLe I.—BREECH-LOADING Orpnance, U. S. LAND SERVICE 


(Guns, howitzers, and mortars of 3 inches calibre and upwards.]} 








inner, 5g inch, and of the vertical keel, 44 inch. 
The outer bottom plating is 5g inch thick and 
the inner bottom plating * inch. The ship is 
divided into 284 water-tight compartments. 





























Field-artillery, Steel. Siege-artillery, Steel. ihe double bottom extends for a distance of 
Hotchkiss é 232 feet amidships and runs up to the armor 
Mountain . ‘ . a 
gun, Steel Light Gun, | Heavy Gun, Mortar, Gun, Howitzer, Mortar, shelf. It is 3 feet 3 inches in depth amidships 
mode! 1890, | model 1891. | model 1890. | model 1890. | model 180. | model 1892, | 114 ig divided into 12 water-tight compart- 
j ‘ ‘ a é re ments. Double coffer dams, each 36 inches 
lib . cee © Seecoees ose 2 : . 
Sean: Tents Rea engs at ad dos 1 = 3,660 3,710 1,715 wide, extend forward and abaft the diagonal 
Tons oes neivn 9eceeeesebees ° oe — enbaecealecourda wistekas Sale ollie ahdeln om ontsececceéeunee G60eenee coe " R “ 
Total length. feet 2 CPR ae — en a on jon 486 armor on both sides of the ship from the pro- 
Length of bore, calibres Sarl eee “ee 13.48 25.20 23.50 5.19 27 » el ~ Rl tective to the berth deck. A single coffer dam, 
Diameter over powder chamber, inches d sos0e 6.7 00 9.80 80 15.0 16.70 . « . . ‘ 
Diameter of A anne chamber, inches seo Se 3.15 to 3.21 Hr = 3.90 4 80 5-7 7-20 7-25 36 inches wide and 36 inches above the deck 
LOSSES OVer POtPOet-<hAeDes, GENES. -. -20.¢ o-5S °-75 ba o-¢ — -_ ~s plating, extends on the berth deck forward and 
Number of cylinders comprised in the thickness ' 2 2 t 2 2 1 ° - 
Maximum tangential resistance, pounds per sq. in.... 23,850 38,080 39,160 22,050 37,520 35,120 22,000 abaft the casemate armor on both sides of ship. 
Rifling: Number of grooves ; ‘ neon 24 24 26 20 30 42 28 ian : 
Width of grooves, inches . .......-+.0.0 o.296 0.3 0.3162 e458 0.3736 0.3736 0.6354 The coffer dams are filled with compressed cell- 
Depth of grooves, inches ... ......s.s.++ ©.026 0.04 0.04 045 0.05 0.05 ©.055 7 . cheads » earri 
Width of lands, inches ocecddbeccoess gee 0.17 0.1188 0.1188 o.12 _ 0.15 _ O15 , 0-15 ulese. The transverse bulkhead ares wrried 
Twist, calibres } 1 in 25.59 1 in 50 to t in 50 to rin 40 to 1 in so to 1 in 50 to 1 in 40 to through the coffer dams to divide them into 
9 CALIDPES . .. 0. nce racs eves seowesesees ) uniform 1 in 2¢ 1 in 25 1 in 2s rings rin 25 tints ‘ . 
Total capacity of bore, cubic inches aWegeseesccoees 292 689.3 894.5 200.2 2,824.5 3,520.1 1,950.9 water-tight compartments. 
Sneachy of powder chamber, cates SERB. ...00..++. apm —s wp “8 33 | 398.6 3°52? er | The principal dimensions of the ship are as 
Length of powder-chamber, inches er ccceee : 3.72 10.7 12.275 2.835 15.15 7-465 4.28 
Travel of projectile in bore, calibres A Gee 12.243 or.8t 0.08 4-47 23.96 11.65 6.40 follows: 
Powder-chacge: Kind ‘ a0: eenee (a) ) (4) (6) (6) (@) (ec) 
me ight, pounds : eeececes 0.875 3.5 4.1875 5 ozs | 12.5 Pan ;-$ Length between perpendiculars, feet , 360 
Jensity of loading ses saveuee °9g 0.8780 777 0.833 0.875 0.877 0.83 . atin J Resial eo ¢ 
|Projectile: Weight, pounds B a oe ' on 83.8 id as 105 125 Beam, extre me, feet and inches... . soon 2% 
| Ratio to weight of piece 0 t to 19 t to 60 1 to so 1 tore rto8r 1 to 35 1 to 13 Ratio of length to beam.. .. . ‘ 109 
| Pressure in powder-chamber, pounds per square inch 14,560 35.000 35,000 16,000 | 35.840 28.224 18,000 Draught, normal, forward, feet and inches 22-10 
|Muzzle velocity, feet-seconds peeknt « xdegel 870 1,685 1,550 650 1,830 1,085 aft, feet and inches 4 2 
|Muzzie energy, { tons f anes 63 266 333 <0 1,045 857 412 ches........ 
|Penetration of steel: Muzzle. inches eceees 1-4 3-8 3-9 | 1.8 6.2 3.8 22 mean, feet and inches. 24— 0 
3500 yards, inches poveucecocetocencess estan an aes seetehecseocesseses secestenenhs 2.5 BG lecvescececucet Displacement corresponding to normal draught, 
nase. So eeccanscccccsesescce 11,340 
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a li. K. granular. 


Tassie If.—Breecu-toapinc Orpnance, U, S. LAnp Service. 


é U. F. sphero-hexagonal. 


¢ I, B. sphero-hexagonal, 


to the 45,000 and 48.000 foot-tons 
energy of the Vickers and Brown 





Seacoast Guns, Steel. 





1888, M. |1888, M./|1888, M.| 1892. | posed 











| 
| 
| 
Calibre, inches - 10 12 





Seacoast Mortars, types. 
; ———_oo—__—_ 

Model | Model | Model | Pro- |Castiron| 

~ - : . ~ | Steel- | Steel. THE SEA-GOING BATTLESHIP 
| Secgad. j “TOWA.” 














ial a a = IN our introductory chapter we 
- a ; - me 67,200 116,480 128,719 | 280,000 31,920 29,120 spoke of the necessity for placing 
} . 52.480 | | | 4 saa 
| Tons 14.5 30 | se] 575 125 54.95 13 the outposts of a country’s defences 
we len ue, Sent. = 23 - 30 = 36 ~ | 49 ~ 10 *s u 6 at the enemy’s seaboard, and re- 
th re, Cali 4 37.53 | bs . 

Diameter over powder | ferred to that splendid ship the 
chamber, inches eo | 8.5 6.2 64 62 r 8 ts ” . 
Diamever of powder-cham- : . ns _ . lowa” as the type of vessel which 
BL a eg oo; a4 | a 45) 68) 4) 15) is specially designed for service at 

ic » 
ne, — 1.08 t.13 1,125 r.10] 42.148 1.38 1.02 great distances from home waters. 
umber of cylinders com- | . : 
prised in on thichoams.. | 3 | ‘ P 4 4 3 3 We present with our present issue 
Maximum taogentia! resist- | | | double-p rravi . 
ance, pounds per sq. im..| §1,980 | $3,090 | 53,000 | $2640] $3,000 29,490] 50,00 e lou ie page engraving of the 
Riding ; + ‘“ a lowa, which we venture to 
Number grooves 8 ” 72 72.0 ef] : : . 
Width of grooves, inches} 0.3736 | 0.3736 | 0.3736 | 0.3736] 0.3736 © 379 | ose claim, with all modesty, is the fin- 
EE 3 — TR RR <4 o| 2%] est representation of the battleship 
Twist, calibres js insoto}t in 50 to}r in 50 to|t in 50 tol? im 50 to/1 in 40 to|1ingo to that has yet appeared. In her 
( 2:9 25 tin 25 tim 25 tin 25 rin as tim 25 tin 20 $ ‘ 
great coal capacity, her size, lofty 


‘Total capacity of bore, 


Capacity of powder-cham-| 
ber, cubic inches i 
Lengthof powder-chamber,| | 








cubic inches 14,125 28.977 50,049 $5,829 | 1at,487 12,554 13,947 


3.597 7.7bs 12,092 | 123,798 29,34! 1,990 2,63€ 


freeboard and general roominess. 
and her great offensive power, she 
embodies all the requisites for carry- 











inches | §° 75 65.09 | 77-33 78.58 106.06 15-75 20.8 
Travel of projectile in bore,| ing the strife into any corner of the 
calibres | as. 66 27.51 27-58 | 3%.29| 28.37 7-66 | 8.205 : “ Pag ‘ 
Powder charge | lo | high seas, and fighting it out with 
Kind cosel (a) @ | & (@) (¢) 2) e 4 ee 
Weight, pounds h* 4s | 487 | 10 oO | § ‘os| the enemy in any wind or weather. 
Density of loading | 0.9619 | ©.9797| 1.0085 | 1.0535 | 1] t.2228 | 1.1026 As compared with the “* Oregon,” 
“~-~~s mn 7 as ain 800 Roo a , 
eight. pounds . | _ ; ened —) 1,000 1,000 which is known as a coast-defence 
Ratio to weight of p ece,| rtow8 | rtormy | ttom6 | rtorg | tr tom8| 1 tog | 1 to 36 , : “ "3 9 
Pressure in powder-cham - | battleship, the lowa is 12 feet 
ber, Ibs. per square inch; 37,000 37,000 37.000 38,000 37.000 27.500 | 30,000 longer, has 3 feet more beam, the 
Muzzle velocity, {t.-secs. 1,950 1.975 1,975 2,100 1,975 1,020 1,140 
Muzzie energy, foot-toms..| 7,907 | 15,548 | 27,049 | 30,570 | 64,084 §.770 7,207 same dr.ught and about 1,000 tons 
Penetration in stee! | | ee . = A 
| Muzzle, inches peonel 16.0} 20.4 49 a7. 33.8 8.2 9-7 greater dispincement. Her superior 
ase yards, inches........) 10.6 14.6 18.7 20.6 B75 | wseseevefoee ones sea-going qualities are due to her 
J . higher freeboard, due to a raised 
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prismatic; ¢ V.M. brown prismatic 


has come to siay. That being the case, we ought to 
build our guns to mateh the powder, giving them the 
greater length and modified powder chamber necessary 
to develop the full potentiality of the new explosives. 
We draw particular attention to the comparative 
table of 12-inch guns and the enormous energies de- 
veloped by the Vickers and Brown weapons of the wire 
wound type. Our ordnance experts claim that by the 


COMPARATIVE TABLE OF 12-INCH GUNS. 


| 








2 i Th S< 
2 7 = aa 
7 y = zt 
: Sséeeite . = 
12-inch gune pr 3 a = Bs 
. ~ = os 
> | E} 5s 
United States army | 
gun, hooped 750 7 5 487 brown. 1,000 R100 80.570 34°7 
United States navy 
un, houped 2% 83) (425 brown 80 [2,100 25.985 |B0°8 
Eugiieh navy gun 
wire- wound 6 F715 #17 cordite 8) [2,907 33.080 36s 
French nary gun 
hooped 6 942 © (1084 emokeless| 6495 2.625 3.7m 
Vi-%ere Some and 
Maxim, wire 
md, Englieh 341440 (D7 cordie BO 12.700 44.573 45°90 
Bro vn egmenta 
ire-wouand | 
Americat “Ss 7 6 ? 850 14,000 48,000 48 8 
' | 


use of nickel-steel they can equal these results ip a gun 
of the hooped or built-ap type. If they can, it is to be 
hoped that such a gan will quickly be built and sent 
to the proving ground; but whether our future guns 
are to be hooped or wire-wound, we do sincerely hope 
that the next models of navy and army guns that we 
build will have their energies raised from the 26,000 


and 90,0009 foot-tens energy of the present patterns up 





aU.R. brown prismatic. 4 W.H. brown prismatic. ¢ V.P. brown prismatic. d brown 


spar deck, which extends from the 
bow two-thirds of the way aft, and 
raises her freeboard 8 feet above 
lthat of the ‘‘Oregon,” the height being respectively 
12 in the latter and 20 in the former ship. Hence 
the forward guns are carried at a level of about 26 
feet above the water line, and unlike those of the 
coast-defence battleships can 





The armor consists of a side belt of Harveyized 
nickel-steel, ex ending through the machinery 
!and boiler spaces and to the bases of the 12-inch gun 
turrets. It is 3 feet above and 4 feet 6 inches below the 
| 24-foot load water-line. The outside surface conforms 
| to the shape of the vessel, with a thickness of 14 inches 
from the top of armor to 12 inches below the load 
water-line, from which point it tapers to 7 inches at 
the top of armor shelf. At each end of this water-line 
belt there is an athwartship bulkhead 12° inches 
thick, thus completing the armored citadel. The 
citadel is covered with an armored deck of nickel-steel 
2%¢ inches thick, while forward and abaft the citadel, 
the protective decks are of 3-inch nickel-steel. Above 
the 14-inch side belt and extending to the main deck, 
there is a casemate of 5-inch armor, made up of two 
44-inch plates and one 4-inch plate. The armor of the 
turrets and barbettes for the 12-inch guns is of nickel- 
steel 15 inches thick, and the bases of the turrets are 
protected by barbettes of the same thickness of nickel- 
steel. The armor of the turrets and barbettes of the 
8-inch guns is from 6 to 8 inches thick, the top plating, 
2 inches, and the sighting towers, 5 and 3 inches thick. 
The bases of the 8-inch turrets are protected by bar- 
bettes with armor 8 inches thick on the outer sides 
and 6 inches thick on the inboard sides. The armored 
protection of the 4-inch guns is 5 inches thick and that 
for the 6-pounder guns on the main deck is 2 inches 
thick. For the protection of the 1 pounders at the 
ends of the vessel, the plating is increased to a total 
thickness of 2 inches in wake of the ports, so that it 
will act as a shield. The conning tower is located 
above the superstructure deck ; it is of steel, forged 
| hollow in one piece, 10 inches thick, and has an inter- 
| nal diameter of 6 feet 11 inches. An armored tube, 7 
‘inches thick and 12 inches in internal diameter, ex- 
‘tends from the conning tower to the armored deck and 
protects the electric wires, voice tubes, connections to 
engine room telegraphs, steering gear and engine tell- 
tales. 

The main battery consists of four 12-inch breech- 
loading rifles, 35 calibers, nounted in pairs in two bal- 
anced turrets on the fore-and-aft center line of the 
ship, the forward one being on the upper deck and the 





















































be fought in a heavy head sea. VICKERS, SONS, AND MAXIM GUNS. 
Another sea-going feature is _ _ ee ee _ ee — , 
the large coal supply of 1,795 Hi | ls |s it f& 2 ta DE *843 3a. | | 
tons, sufficient to carry the | Tyre or) 3 3 ls H i$ | & me $3 , 3 Ht $55 si * | 8 
“lowa™ across the Atlantic ; > 3 =i 3 (gs a Es | -! 3 $535, s_a: ; #3 
and back without recoaling. i q 33 i fy 353 ; : ise i i 5522238237 ia 
In speed, moreover, this sea- — ae 8 ores A On me ae tan lth coesl & buncehanle —. | 
going vessel is the fastest of | 4 == }} esr) e356 | rare) nee] 200 13 | © 150) 10) © @ © g2| 1800/ m5 19 135 | am | 
our first-class battleships. On 37 mm. t/1057| ono | 0 [16 | 378 | | oO 3 oO 1) oO 6 1 28| 2880 | 33 26 | se 
her trial trip, when fresh from y }} ns | ma72 | 7.95 | 200 1208 | 139 | © @ O 33) © 6 © oO] |) ms) 45 a5 » | 
the yard of her builders, ?== }} 185 | 7 8S | te Ine 13 on e 33) 0 4 2 6| 00 ise 53 ar » 
Wm. Cramp & Sons, she aver- neat j| 224} 960 (wee [24s | ee | | Om Of GO] oO @ 8 oO) tm) em) a2 48 4 
aged 171 knots over a 66- Wal yen nee toon tej) ue | mo] 1 4 of GO] o 8 © 0) em ono) ? ; se = 
knot course. Her armor is 108 mm. }}s* 136.0 i a5 | m0 w | 2 9 Of 125) © Mm 2 | 2800 Ses oe: ™ a 
lighter than that on the “Ore- | sa. Hae woo | a0 | as | wo | w]e 9 ; 125 % 3 oO} 2m) oe) oF zs | ™ 
gon;” but being of later type, phe 
and embodying all the ad- 723mm. } a0 | 75 | 76.85 i 96 | «| 1 © 0 126] © & & 23| 1700| a804 _ Ps 2» 
vantages conferred by nickel- 73 am. al se | 3685) 30 | asm) & | O Grol 125| © 2 © | ow 73 “ 
steel and reforging, it has 18 mm ) 40 | 100 | 1981 led nz | 7 | 6 © oO 50] 1 13 © Oo] te] 3,283) 6 00 s 
equal resistance to penetra- 7) am) 40 | 200.0 weno | 80 | 22 7) 6 © Ome} 1 we oO Oo smo} 130) 123 95 » 
tion. 5 So } 4.700) 188.98 8.28 | 61 | 286 wis s of wel 2 te © 6] wes! 190) 133 ws Ww 
The hull of the “lowa” is MSom. }iarm| mess! cro | 65 | 57 | 17 | 9 0 0 450) 2 6 0 0] 2000) 2100) WI wo | 2 
constructed of mild steel of | “34$™}/e0 | 00 jome [68 | a26 | 1 | 19 © om) 6 1 o o| e890) sas7) 186 “es : 
dowestie manufacture, with ase 60 | 2700 | wa2 he 0 | 7 |% © O11000) 7 8 oO 0] 2775) 630) m1 ie i) 
frames spaced 4 feet through- 90.3 om \ ino | sono | 37.7 - ao | 17 | 52 © O20) 18 1 2 ©| 0| now!) wo wr 5 
out the length of the double | *22.S™'}/s2 | se | «es jas [eo | 7 |m 5 Game} a 16 0 0) m0) wee) m3 6 
bottom and 3° feet forward tare {| 00 | dors | eano june | Gyms | 17 ho © qesie ¢ © 61 ep) am = — 
and abaft the double bottom. Sa") 120 | 4800 tage 76 | 7.2 ” ir o eure | 7 © ©| 250/| 073) 9 5 

















The thickness of the outer 
keel plate is %4 inch, of the 
Le 








+ Now under construction. 
Al) these guns use smokeless powder, 
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U. S. BATTLE 


Displacement, 11,340 tons. Speed, 17°1 knots. Maximum Coal Supply, 1,795 tons. Compl 


ARMY AND COAST DEFENCE EDITION 
me Guns. Main battery, four 12-in., eight 8-in., six 4-in. rapid-fire ; secondary rapid-fire battery, twent 


CIES FIC AMERICAN SUPPLEMENT No. 1175 
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BATTLESHIP “IOWA” 


ns. Complement, 505. Armor: Belt, 14 in.; deck, 2°4 in. ; barbettes, 15 in.; turrets, 15 in.: casemates, 5 in. 


yattery, twenty 6-pounders, four 1-pounders, four Colts, two field guns. Torpedo tubes, four. Authorized 1892 
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Horshords 


Reid Phosphate. 


An effective preparation 
to rectify the ill effects of 
impure drinking water. 


As a Tonic, so necessary 
in the enervating climate 
of warm or tropical coun- 
tries, it stands unrivalled. 


it invigorates the system, 
thus giving increased power 
of resistance to disease. 


For sale by all Druggists. 











acer ned 
2 The Best is 
: None Too Good for This 
Emergency. 
9 
Dr. Jaeger’s Sanatory Underwear 
THE PROPER By isi Guards against injurious ef- 
: Hi fects of dampness and climatic 
UNDERCLOTHING changes. Acknowledged to be 
FOR ARMY AND i Hi the best safeguard against 
\ Ny i fever and contagious dis- 
NAVY. i ! eases. 








il ¢ 
Dr. Jaeger's Bandages aro indispensable in active 


Frice, TOc. to $1,0C0oO. 


Write for illus trated 
eateles ue giving 
name of our agent in 


your city. 


BRANCHES: 
166 Broadway 
248 West 125th St. 


MAIN RETAIL STORE: 


16 West 23d Street, 
New York. 


PURE [MILK......... 


A EI 

















FOR LAND AND SEA. 


Specially adapted for use in hot weather and tropical climates. 








=== HIGHLAND _BRAND 
Eset EVAPORATED CREAM. 
’ A pure unsweetened Condensed Milk. 


| OW 
LYanoraled €sr 


Received eleven medals and diplomas 
for its excellence, ##AALASA MM 


Sold by leading grocers everywhere. 
Helvetia Milk Condensing Co., Highland, Ill, 








Booklet mailed free 
on application to 
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Every American 
soldier and every 
American sailor 
should carry the 
best American 
watch. 

The original 
American watch 
was a Waltham 
watch. Waltham 
watches are now, 
as they always 
have been, the best 
American watches. 

















ELSWICK QUICK-FIRING GUNS. 


This Table is supplied by the Manufacturers. The entire Table refers to existing guns. 
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of cast ccmposition, in three sections. 
The cireulating water passes through 
the tubes. Baffle plates are fitted to 





Wegbht of Gua 


Jo Charge 


Muzzle Energy, f -t 


Rounds per Minute 





Diameter of Bore, ins. . 


Nortes Heth S./ dee 


doa. do. nm 
Leogth of Bore, cals, 


do Gan, do 


do. Projectile, Iba 


Muzzle Velocity, f-« 


Velocity at 2,500 Yards, { 


Koergy at 2,500 Vards 


Penetration at Muzzle { 
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2 7 57 | 
41°75, 40 45-4 ‘42-3 [43-5 | e| 50 | od 40} 40 40 
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them ve 1s the ihe, | ewte. owts | cwts. | owls, cwts. 


506 532 700 | 756 | 800 | 10) 75) 120) 2 


$3: 33 6 6 6 6 |12°5'12-5| 20 | 25 | 30 
" ore bd. om. tbe tbe. the. | tbe. 
ou 95 12510 9 13 5|1-62/3°75| 5 | 5 


20102002 2390 2300 2400; 1940, 2592 me) 
| | | | 
903, 966 1060 1094) 966, 1172 904 | 1084) 1256)1251/1351) 


55-0700 G1-7221-0 220 240.156 6 279-5217-8.419- 


| 
18°7| 21°346°7 49 8 38°S 57-2 | 70-8) 102 
8-0 


' ; 
4-5) 5-6 69/73 53 | 82) 49 
20! so} 28; 28] 25/| 25) 20 





| | 
1-85 2-244 2°2442°264 2-244) 3-0) BO) 35) 4 
Bonn | Home | 06.9) 76-2 889 100 
' 


812°2)1118- 1124 


20 






} 
2420 2540 = 
| 


219 | 271; 380 














43°1 
cwts 





ids.| Ibs. } Ibs. 


2430/2150 
1386|1412 
1217)1 


" | 
10°6 |12°1)11-512 —s 





15 | 15 | 15 15) 15 
| 


i 
4°7\ 4°7, 4°7 


120} 120) 120 


40 }43°9,48°9, 


45 | 45 | 45 | 100 

| the. | Ibe, | Whe, | The. | tbs. 

5 [5 5/84/84) 15 |19°5) 19°5 
ee ie 

25702630) 2220 2570 
' 

1275115181568 1517] 1706) 1756 

1442/2061/2158 3417] 4334) 4580 


= 719| 763, 1596) 2018) 2138 





12°1)15°9)16"4 
10 | 10 | 10 


| 


45 | 50 41-54/41-54)46-54 
cwle. cwte. | 


42 53 | 5 





6 G G 
152 | 152 | 152 
40 | 40; 45 


tona. | tons | tons. 
58/66) 7 


00 | 100 


direct the steam over the tubes, and 
plates are provided for supporting the 
tubes and also to act as baffle plates. 
The total area of cooling surface for 
the two condensers is 16,124 square 
feet. 

° For each main engine there is a 
4 Blake double, vertical, single-acting 
46 | air pump. The steam cylinders are 
ago | Placed directly over the pump cylin- 
ders, the pump rods and piston rods 
forming a continuous length, the dia- 








16°2) 19-4) 20-2 
7 7 7}. 

















ameter of the steam cylinders being 
! 6166] 12 inches and of the pump cylinders 
“32. 0 26-4) 26-4] 25 inches, with a stroke of 18 inches. 
For each main condenser there is a 
centrifugal, double-inlet circulating 
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S-ineb 15 
pled from magazine , ; 
S-iach 68-ton B.L. gun, with hydraulic breech ye Fen -e Le 

5 e 8. Empress ia, with an ipterva 
S¢-— }-- v ute 19 seconds, H.M.S. Majestic ; 
nts and automatic gear are applied to a7 pieces, including 
alibre is classed under the category of Q.-F. guas at Elawick. 
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to 2,200 yards; 4 rounds j 

12-inch 46-ton BL. gun, interval between 2 rounda, ! min 
ough special arrangeme 
Ro piece exceeding § inshes c 


Notes. —A!tb 


after one on the main 


t by compiler, oo Tresidder’s formula 


b 42 ewt gun, with mngle motion breech mechanism, u 
Admiralty gan. with three-motion breech mechanism, and E.X.E. powder, 10 rounls in 85 seconds, at sea, on board gu 
ud Arthur, 14 bite ov target, ship steaming 8 knots, range from 1,600 to 2,200 yards ; 
® Tota) number of rounds Gred from 10 guns in same time 


cordite charge ; 4 


1,600 to 2,200 yards. me Ore A 
6-ioch 6 6ton gun, with single motion breech mechanism, 7 rounds io 61 seconds, at Silloth, 
5-ton gun, with single motion breech mechanism, 3 rounds in 28 scconda, at drill; 4 row 


inutes, H.M.8. Royal 
Horsenen rounds of only 1 minute 27 





¢ No cartridge case used 
§ Velocities of 2813 and 2600 f.a. are obtain ; 
| charges and sprtable cordite a velocity of 2940 fe. bas been obtained with 100 Ib. projec 
very rare occasions, on account of the excessive wear of the gun. 


Some Resuuts AcTuaLty OsTanren. 


5 rounds in 22 scconda, at Silloth, at a target, 2 bite, range 1,000 yards Dlg de 


1 minute 4 seconds, H.M.S. Cesar. 


ed with the 210 and 250 Ib. projectiles, respectively, with Battering charges. 
tiles. This high velocity, however, is not desirable, except om 


the 12-in. gun, the projectiles are too heavy for repid handling, end 


- eight 8-inech breech-load- | each other in separate watertight compartments, the H. 


| . . . . 
ing rifles, 85 calibers, mounted in pairs in the four tur-| P. cylinders being forward. The high pressure cylinders 


rets on the superstructure ; 


and six 4-inch breech-load- | are 39 inches, the intermediates 55 and the low pressures 


ing rifles, two on each side, on the main deck within | 85 inches in diameter, with a common stroke of 4 feet. 


the superstructure, and two aft on the bridge deck. 


The main pistons are steel castings, dished, and are 


The secondary battery consists of twenty 6-pounder | each fitted with two packing rings, 144 inches wide and 
Hotehkiss rapid-fire guns, four 1-pounder Hotchkiss |%{ inch thick. The piston and connecting rods are.of 
The crossheads are of forged steel, and 


rapid-fire guns and four light machine guns in the/| forged steel. 


military tops 


each has a manganese bronze slipper, the sliding faces 


The 12-!nch turrets are worked by hydraulic power! of which are fitted with white metal. 


KRUPP QUICK-FIRE GUNS. 


Qnick-Fire Guns of 40 and 50 calibres in length. 


The crosshead 


This Table is supplied by Manufacturers, who have indicated existing service-guns with an asterisk. 


in 25 seconds at drill. 
i8 rounds in 3 minutes, 
*18 rounds in 3 mivutés, H.M.S. Blake, 15 hits on target, ebip steaming 8 knots, 


148, of which ~y a oy a ans 
nds in 62 seconda, on board cruiser Blanco Ene.lada, ammunition sup- 


Sovereign, 6 hits on target, ship steaming 8 knots, range from 1,600 
seconds. * 





pump, which is arranged to draw 
from the sea, bilge and main drain 
pipe, and to discharge either into the 
condenser or directly overboard. It is 
driven by a vertical, single cylinder 
engine. Each pump is capable of dis- 
charging 11,000 gallons of water per 
minute from the bilge. 

There are three double-ended and 
two single-ended steel boilers of the 
horizontal fire tube type, all 16°75 feet 
in diameter. Each double-ended boiler 
has eight, and each single-ended boiler four corrugated 
furnaces. They are placed fore and aft in four water- 
tight compartments, the two single-ended boilers oc- 


cupying one compartment. The furnaces are fitted 


with St. John’s patent shaking grate bars. 
The closed fire room system of forced draught is used. 


The air is supplied by eight Sturtevant blowers, one 


in each fire room. The fans are driven by two-cylinder, 
vertical, simple, inclosed engines with cranks at 180°. 
The **Iowa” has already taken a very active part 
in the operations of the war, and her 
12-inch rifles have left their mark upon 
the Spanish fortifications at San Juan 
and Santiago, Should the government 
persist in its determination to send 
a flying squadron to Spanish waters, 
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¢ Of medium bariness, 


rights for Books, Trademarks, Reis- 
sues, Assignments and Reports on In- 


and the guns by hand power; the 8-inch turrets by| guide to take the thrust when going ahead is of cast|fringements of Patents. All business intrusted to 


steam power and the guns by hand. 


The 4ineh guns 
are worked by hand on central pivot carriages. There 


are four tubes for Howell torpedoes, two on each side, | low and of forged steel. 


discharging directly from the berth deck. 


iron bolted to the inverted Y frame. 

The crank, line, thrust and propeller shafting is hol- 
The erank-shaft of each en- 
|gine is in three interchangeable sections, the cranks 


The armament throws a weight of projectile from the | placed at angles of 120°, and for the ahead motion fol- 


battery, in broadside at one discharge, of 4,560 pounds ; 


low in the order H.P., I. P. and L.P. 


There is one sec- 


and at one complete discharge of the battery, of 5,722) tion of line shafting of nickel-steel to each engine and 


pounds. The ship is driven by two vertical, inverted, | supported on two bearings. 


direct-acting, triple-expansion engines placed abreast of| There are two main condensers, one for each engine, ! 


This Table is supplied by the Manufacturers. 


SCHNEIDER-CANET QUICK-FIRE GUNS. Model 1898. 


Exicting guna, or gune which differ very little from euch as have been constructed, are denoted by an asterisk. 


them is done with special care and promptness on very 
reasonable terms. 

| A pamphlet will be sent free of charge, on applica- 
tion, containing full information about Patents and 
how to procure them; directions concerning Trade- 
marks, Copyrights, Design Patents, Appeals, Re- 
issues, Infringements, Assignments, Rejected Cases, 


Hints on the Sale of Patents, ete. 

They will also send, free of charge, a synopsis of 
Foreign Patent Laws, showing the cost and 
method of securing patents in all the principal 
countries of the world. Address Munn & Com- 
pany, Solicitors of Patents, 361 Broadway, New 
York. 
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# Try a KOZY 10 Days | 


we]F you like it, pay for it—all cash, or a little at a time; if it doesn’t suit you, return it, and no harm 

: done. An unusual offer, truly; but it has pushed the NEW KOZY to the very front in three 
months’ time, and made it the most popular pocket camera in the world. The Kozy tells its own story 
best; that’s why we like to have you see it and test it. Many stores have Kozys now, but mail orders 
keep our factory running overtime and some dealers will have to wait. For the present, therefore, our 
special offer to send a camera ON TEN DAYS’ TRIAL will remain open to any Scientific American 
reader who cannot readily find the Kozy in the stores. 





FINEST IN OUR TOWN. 


From JOSEPH BROOKSHER, Solomon Rapids, Kansas. “1am well pleased with the camera. It is the finest in our town.” 


VERY MUCH PLEASED WITH IT. 


From E. R. SticKNgEyY, East Cambridge, Mass. “I have just had my first film developed, and although examples of my first experi- 
ence in photography, they are exceedingly good, and | am very much pleased with the machine.” 


MORE THAN PLEASED WITH IT. 


From E. L. Barsour, New York, N.Y. “The camera came to hand to-day, and the consensus of the office here is that it is a * Daisy. 


| myself am more than pleased with it.” 
TAKEN BY A KOZY CAMERA, 3} x 3}. 
BICYCLISTS, oe ihe Nowy 


13 
TOURISTS, ieakiae 





CANOEISTS KOZY 


all appreciate the Kozy, because it is small, 
Camera —a_. 


weighs 16 ounces; size, when folded, 4} 
x 5? inches, and 18 inches thick. It is the 
only pocket camera that takes large pic- 
tures (34 x 34) on a sunlight film—twelve 
without reloading. The Kozy is adapted 
for use of daylight film, and 

Loads and Unloads in Daylight. 
It makes snap-shots or time exposures with 
equal facility; .is mechanically simple. 
In a word, the Kozy is all that a pocket camera ought to be—-MORE THAN OTHERS ARE. 


Don’t Take Our Word Alone For This; Prove It by Your Own Experience. 
¢c>e-J 


You Can Have a Kozy on 10 Days’ Trial... 


With absolutely no obligation to conclude the purchase if the camera does not prove to be 
4 exactly what you want. If it pleases you, the KOZY will.cost you $10 cash (cur 


special introductory price), or; if you prefer, 


light, convenient and always ready; works 
perfectly at all times and in any latitude, 
afloat or ashore. No heavy glass plates or 
holders. Two pounds’ weight (Kozy and 
films) gives you 50 pictures—enough for 
a long day's outing—and it’s your own 
fault if every one isn't perfect. You cai 
slip the Kozy into your pocket; strap it 
to your wheel, or pack it in your grip, and 
still have room for something else—the 


least weight, smallest space, economy of 





-. time, money and temper. 





You Can Make Easy Monthly Payments... 


In which case the cost of handling and carrying your account will be added to the cash 
eS2 price named above; but, in any case, WE DON’T WANT YOUR MONEY UNLESS 


YOU WANT THE KOZY. 


Illustrated Catalogue, Drder Forms, Terms and all particulars regarding this UNPRECEDENTED OFFER mailed on 


request. 
We refer to the MECHANICS’ NATIONAL BANK OF BOSTON as to our responsibility. Address at once, 


i, 


’ 








Dept. 80, No. 44 Bedford Street, 


Kozy Camera Co., ‘am BOSTON, MASS. 
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Fac n Stud nt in the Electric al (ourse receiv es 
this machine. The 
250 winding and con- 
necting is done by 
Watts himself. 
1-3 
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‘Dynamo Construction 


TAUGHT BY CORRESPONDENCE. in our Electrical 
Course. This was the first institution to teach Electrical g 
by Co dence. Courses also given in Steam, Bridge, Civtt 
ae and Hydrautic ee ager pant Dae Advanced Mathematics, 
All courses are in charge of well-known engineers. Practical En- 
gins ering is very thoroughly developed in our courses, but not at the 
expense of any other parts They are taken and recommended by 
many college graduates. Our large catalogue free. 


institute for Home Study of Engineering, 220 Seneca St., Cleveland, 0. 





EXPLOSIVES 





ARTHUR KIRK & SON, 


PITTSBURG, PA. 
Powder, Dynamite, Rock Drills, Air Compressors, Rock Breakers, Safety Fuses, 
Electric Batteries, Miners’ Squibs. 





Rsog i PETERSON, 
Vice Pres't and Sec’y. 


Stras Howse, 
Pres’t and Treas 


The Wan. J. Gibson Company, 


MANUFACTURERS OF 


SPRINGS 


Of Every Description. 





Springs of our make are 9 use on many Battle | 
Ships and Gun Carriages for Coast Defence. 

Mechanical experts requiring Springs would do | 
well to correspond with us, 





12 & 14 SOUTH JEFFERSON STREET, 
CHICAGO, ILL. 


-~erreFfeFferfeeeeeeeeeeeer,eee 
i 


Paddle Wheel 
Machinery 


Our knowledge of river } 

navigation is earned ’ 
through long exper ¢ 
ience and exceptional 4 
opportunity. We design ¢ 
and build the entire ¢ 
and complete outfits of 3 , 
driving machinery for 
powerful light dealt | 
vessels, having the best $ ‘ 
of modern shop facilities ¢ 
to aid us in doing a// 
the work. Write to us 7 
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before you act. ‘ 
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BAILEY’S 
Steei or Iron 


PORTABLE 
HOIST. 


Recommended by the trade 
as having no équal. Can be 
ueed single or double pur- 
chase. Sold on trial. 


JAMES P. DUNN, 
Manufacturer, 
37 & 30 Bank Street, 
CLEVELAND, 0. 


J. H. WILLIAMS & CO.,|é 





Mietz s Weiss Kerosene! 


Engine. 


Most economical power 
known. Absolutely safe, 
Extremely simple and 
automatic. Kuns with 
common kerosene. About 
red cent r horse power 
our. Patented 1897, U. 
8. and European coun- 
tries. 





128-132 Mott St., N.Y. 


Backus Gas sé 
Gasoline Engines. 
None better. Wil! give | 
customers the names of 
three other makes that 
were replaced with 

Backus. Addrers 
Chicage Water 
otor & Fan Co., 
lvl & 173 Lake Street, 
CHICAGO, LLL. 
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Gas and Gasoline Engines, 


STATIONARY AND MARINE, 


Electric Meters, Small Steam En 
Boilers; alse Castings and’ parts 
and Gas Engines. Circulars free. 

G. SIPP MACHINE WORKS, Paterson, N.J. 

Successor to G. BE. Wright, Newark, N.J.. and 
A.J. Weed & Uo. 

FACTORIES, 
PRINTERS, 
FARMERS 

GRAIN 

CREAMERY & oainy 


= An 


= ARE APPRECIATING 
The “ : CHARTER ** Gas and Gasoline Engine. 
Catalogue, Testimonials, etc., by addressing 
CHARTER GAS ENGINE CO.. Station ‘D, Sterling, Mt. 


WATER WHEEL 


TURBINE, for Heads of 3 to 200 feet. 
CASCADE, for Heads of 50 to 2000 feet. 


Suited to all Water Power Purposes. 
Pamphiet sent free. State your Head. 


JAMES LEPFEL& CO. , Springfield, Ohio, U.S.A. 


Quality is is the Standard of Value. 


ORIG\NATOR OF THE 


Hollow Spindle Lathe and the 
Self-Centering Split Chuck | 


in 1853. Indispensable in any 
Tool Room. hen inte 
write the manufacturers, 


MOSELEY LATHE CO., 
Exvor, It1., U. 8. A. 


LOCOMOTIV ES BF AAgLONS 


ALL OF i SOUTH SIDE ELEV EN- 
GINES Just from service. by a eaauipped 

electrically. Do ty oh Builders. Weight about Dtons. 
Mostly on 442 drivers. Westinghouse air brakes. Tank 
on engine frame, carried on 4-wheel swivel truck. Are 
in First Class Condition and Strictly Modern—steel tired 
wheels, asbestos | ng, carry 180 Ibs. steam pressure. 
Changes wi!) be made to meet special conditions, Also 
full tine of 4 and 6 ‘wheel switchers; beavy 8 wheel, - 
ts eel and consolidation engines. FITZ-HUGH 





mes and 
or Steam 


, New York. 























oO AN rs in Engines, Rails, , &y 
a t4g Hock C ‘hicago. 





WORKS LIKE A CHARM. 


Perfect satisfaction is experi- 
enced using our No. 5, 6 or 9 
Hand Pipe Threading and 
Cutting Machines, Crank or 
ratchet power. Gears housed 
from dust. Chasers set sy arad- 
uation to any size be re- 
leased from threading © while in 
motion, opened to permit pipe 
veing cut, and Instantly closed. 

oe he ergell’ oS 

anufactur- 
Curtiss ‘Gerest, Toledo, Ohie. 





ing Co - 





17-3i Michards Street, 
BROOKLYN, - - NEW YORK. 
Makers of the 
FORCED 
HEADS. 
Material, Lie 


wee. «© © ¢ 


DROP va tt; 
COLF CLUB<\\ 
Perfect in Finish, 
Design and W: 
Men’s and Women’s, 
Sexp ror New CataLoous. 
Bicycle and Ordnance Forgings. 
VULCAN CHAIN PIPE WRENCHES. 


Right and Left Hand. | 


“Cushman” Chucks 


We manofacture ten distinct styles of Lathe Chucka, 
four styles of Drill Chocks, Centering Chucks, Face 
Plate Jaws and Chucks for special service. Send for 
hew catalogue and discount sheet. 
The Cushman Chuck Co., 
Hartford, Conn., U.S.A. 


“@ The Hanson Hydraulic Ram 


fective with a given sup 
iq more e' ° 
100 Ae bead of -— than Fe f - 


F. FB. "nAKSON, 176 Center St., New York. 








ELECTRIC BATTERY MOTORS. 


Best made. Willrun onany as ~ paseeny’s just the motor for these 
hot days. Made in three sizes. 


Re 1, with 4 in. fan 
No 2, with 6 in. fan 
No. 3. with 8in. fan 
Best Bunsen Battery eveune 
Rough castings for Ko. 2 motor complete. . wee 


Send for Motor Circular Free. 











| 


‘| 457 W. Van Buren Street, 





CEM WATER MOTOR. 
Can be adjusted to any angle while running. Will run Ventilating 
and Ceiling Fans, Dental and Jewelers’ Lathes, Sewing Machines, 
ete. Will run on any water power. 


Price, with Fan Guard and Pulley..............++++- .. $9.50 





ELECTRIC SNAP SWITCHES. 


For incandescent lamps, motors, storage bat 
teries, lar alarms, and many other usc: 
Nicely fin 
Price, 5 § ampere banenotniens hating 18c. each. 
10 = ” 


COOH HEH cote eee Cee 





No. 980. 





CHICACO BATTERY CALL TELEPHONES 
are especially made for inter ting work in different de- 
partments of large stores, factories and offices, or from house to 
barn. They are taking the place of all short line telegraphs. 








ONO. ce Adiccnantauniseshsedesacs  obebsaccccen<ese $3.60 
Galvanized steel telephone wire, per 100 feet..................... -12 
i ectaitans ccccsetes sabbscecccagns ecescese 30 
Send for Telephone Circular, Free. 
MEDICAL 


INDUCTION COILS 


can be run with one cell of wet or 
dry battery. Made in two sizer. 





ches with nage. 31.50 
- - oe «mene 


mio How to rons Medical Bat- 
tery, 10c. to any address. 


THREE COOD PAPERS. 


ja to Make and Put up a Simple and Reliable 
an Induction Coil, 10c. How to M a Strong and 
Cheap Battery, 10c. Postage Fre. 





10c. How to Make 





SEND 2c, STAMP FOR CATALOG VE, 


appgess C. M. TURNQUIST, Electrical Supplies, 
Chicago, Ill., U. S. A. 


“MIDGET 


SMALLEST GENERATOR OUT. 


Weighs % ibs. Will light our 6c. p. lamp, 
ring  — =e —- , Tun as S motor 





















2 youns electrician 


‘The Model Dynamo or Motor 


will Decompose Water, do Electro-Plating, 
Light Incandescent and Are Lamps, Run 
Machinery, etc. 


The Electrical Apparatus Co., 
Box 301, = ELBRIDGE, N. Y. 














AN 8 LIGHT 16 C. P. 110 VOLT DYNAMO. 


_ Senenctone ma- 
and p vided ni vith oselt 
olling beari Built 
for constant rae. 


12 in. 110 Volt Pan Motor, 
19.80. 
15 in. 110 uaee Motor, 
Cash F. 0. B, Chicago. 
ROTH BROS. & CO, Mfrs. 


34 Market St., Chicago, itl. 
U. 8. As 


$25, 


Patented June %, 1897. 


ONLY WATER MOTOR 


{nan can be Sfie ted or adjucsod 
rection while run 

ith =z, <t Polished Brass an and nd 
Brass Guard, retail price, 14-4 

cash. Diameter 7 inches il 

sewing Machine, ( ‘elling | Fan or Post 
Fan. ® ibs. pressure. With Pulley 
and Balance Wheel, $13.50 cash. 
A. ROSENBERG CO., Office, 
N - Carey ‘St., Baltimore, Ma., U. 8. A. 





ENGINE ‘AND DYNAMO FOR SALE.) Little Hustler Fan 


Green improved, 4-valve en — 20x30 Five ing. Keep ott Lt yo 
in., fy wheel diameter 14 ft.. face 2 in. t of | antesd to opal. 
enyine and fiy wheel 37,000 Ibs., 268 ata 
eo. capable of develo ing 50 per - more. 

hieren beit .3 in. wide, 21 06 im Also, 4- 
pole Westinghouse Generator, 550 volt. = => 

res. Both engine and dynamo in first-c 

aftershort use. Addr. 0. $ $. GAITHER’ See's 
g®S First National Bank Bld’s, Chicago, I 

















KNAPP ELECTRIC & NOVELTY CO, 
46 Warren Street, New York, 





A 
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COAST DEFENCE EDITION OF THE 





Wilson’ Ss Practical Tool Maker 


and Designer. 


—® JUST READY, @e— 


The Practical Tool Maker and Designer: A treatise 
upon the Designing of Tools and Fixtures for Machine 
Tovls and Metal Working seneinety. . com prist Mod- 
ern Examples of M with Fu igns 
for Tools for the Actual Production of the work; to- 

ether with § al Reference to a Set of Tools for 

achining the Various Parts of a Bicycle. lustrated 
by 189 engravings. ®vo. 

















from $2.50 to $50. 








Price $2.50, free of postage to any address in the world. Jas. H. Smith & Co 
2 A Circular of 4 pages quarto, giving the Table @ ¥ 
Qentente of this, important mt. book, wth “epectmens of he E-31! Wabash Ave., 
rations, w postage an cago 
part of the word whe dt Fommlak we with ere. ° Chi “ 
Our N nd Enlarged and — . 
scent pe ye Nae ctene | Slernpticn Views f Uh Sunn rat 
Steam, the Steam Engine, etc., and our ereop 10 0 e er ical ay: 
every branch of ter tiatatingucs, 50 slides on the 
Arts, sent free an of postage to any one in any part of Disaster to the Bat. 
the world who will furnish us with his address. tleohtp Matncoma the 
HENRY CAREY BAIRD & CO. Cuban Warfare.’ 
INDUSTRIAL PUBLISHERS, BOOKSELLERS & IMPORTERS Set of 50 views on the 


810 Wainut St., St., Philadelphia, Pa., U. U.S. A. 


WEBER —h. 
GASOLINE ENGINES 


AND HOISTS AND PUMPS. 
Sizes, 4 to 100 H. P. 
Operating on 
GAS, GASOLINE, 
DISTILLATE, 
CRUDE OIL, 
KEROSENE, etc. 


Costs to run about 1 cent for 
each H. P. developed per 
hour. 


NO COAL. NO DANGER. 


Used undergreuvd or 
on the dump. 

Send for catalog. State 
size and style wanted, or 
describe work to be done. 


Weber Gas and 
Gasoline 
Engine Co., 


412 S. W. Boulevard, 
KANSAS CITY, MO., 
U.S.A. 


POWER FOR 
EVERY PURPOSE. 














ENGINES, 


CABLE ADDRESS: 
“Webergas.” A. B.C 
and Lieber’s Codes 





PUMPS. 





McOoORAYT 


Refrigerator and Cold Storage Co 


40 Mill St., Kendallville, Ind. 
No Poison or Foul Smell in 


rigerator to ord 
nook intended for it. eep 
and have him deliver ice 


We also build refrigerators of all kinds and 
sizes for all purposes. 
Write for Catalogue. 
No. 30 for Hotels and Public Institutions. 
No. 35 for Private Residences. 


No. 40 for Meat Markets. 
No. 46 for Cold Storage Houses. 








ON 


30 DAYS’ TRIAL. 
THIS NEW 








as a Pad different from all 
others,is cup shape. with self- 
adjusting Ballin center,adaptsitself 
tions of the body, while the 
n the cup presses back the 
as @ person does with the 
ure the Hernia is held se- 
Cod ntone and a radical cure certain. Itis 
easy aura je and cheap. Sent by mail. Circulars free. 
Lex, Illinois, October, 1, 1895 
‘The old man I fitted 2 years ago wore your truss about 90 da 
and said he was cured. Saw him last week and although 
was 63 years old and « hard worker, he is as sound aswhens 
boy. Yours traly, M C, Moxw, M, D. 
STaNanpeviice, Va., Sept. 5. 1895, 
T have had splendid result from your truss in quite a number 
of cases of grown people. E. W. Sums, M. D. 
Deraick Crrr, Pa., June 3. 1995. 
I received my truss the 27th and since I have had it I have 
taken more comfort with it than any lever havehad, The Ist 
day I got it I put it on and mo mowed greso all Gay and I never no- 
ticed that I had it on me. Lex. Brown 
Tots, x C., July 31, 1995 
About 3 vears ago I bought one of your trusses. Tworeit about 
6 months and it tte mone afinal cure. Was badly ruptured, I 
would have written ” = estan rs wanted to see 






curely d 



















Polar Star Mfg. of! 


** Battle A Mantlle 
a the Philippines.” 


views, uncolored, $20; 
colo: 50. Views 
also sold singly 


ete out- 
fits: Magic Lantern, views, curtain, advertising 
posters, admission cards, a@ printed lecture to ac- 
company slides, etc. Moving picture attachment 
to be used with any stereopticon, $35. Outfitssent 
c O. D., with privilege o \Cxamination if express 
charges are guaranteed. Write for No.3 catalogue 

of Magic Lanterns and list of war and Klondike 







slides. Kleine Optical Co., 126 State St., Chicago, Ill. 
For THE 

Ladies or | 

Gentlemen. \ Doughty Bell 


THE MOST POPULAR 


AUTOMATIC BELL 
ON THE MARKET. 


--Over 57,000.. 


IN DAILY USE. 


Press the button; bell does the 
Patented Jan. 11, 1898. "est. Price $1, postpaid, 


4. s, Soughty & Ce. Mfrs., 60 N. tone. shamnaatsincte Pa. 


DORMAN’S | 
VULGANIZERS 


are used all over the world. 
Exclusive Manufacturers of Steam Ma- “ 
ebines for Rubber Stamps. We also make 
Dry Heat Vulcanizers. Complete outfits 
from $10 to $1,000. All Stamp and Stencil 
Pa Supphes. Brass and Steel Dies 
‘or all purposes. Seals. vi nd 
Die Sinking of ali kinds. * ees 1860, 
with complete —, 
Sena for Cat. 


ik J. F. W. DORMAN Co. 
121 E. Fayette St., Baltimore. Md., U.S. A. 














SCIENTIFIC AMERICAN SU 





PPLEMENT. 53 












item others will come in time, 
our mammoth business. 





N.Y. CAMERA EXCHANGE. |; 


6 0* Saved on all makes of Cameras 
Head J 
ing, 804 and Nochonete pCametas oF 
en 






ress 
N.Y. CAMERA EXCHANGE, 43 Fulton St., NEW VORK. 













Se simple a child can take, develop | 
and finish pictures. 


The Yale 
Camera No.2 


We're dust as Thasktl 


For an order for a single buggy. as we are 
foradozen. Lf we get your trade for r one 


Our large illustrated catalogue No. 107 will ay ng ou: it telis 
bow good and how cheap our Harness, Sadd) en, ie 
Wagons are. Can we send you our No. WT Catalogue free 





Taking Pictures 3',x3' In. 


With Comptete Printing, 
Toning and Developing Outfit 


“The Whole 


Thing” For $2 


CAMERA IS PERFECT and has a TRUE FINDER, 
also TIME and INSTANTANEOUS SHUTTER. 
With our outfit, consisting of six 334x3}¢ inch dry piates, 
two trays, toning and developing solutions and printing frame, 
any one can get satisfactory results. We guarantee every- 
thing. Sample picture sent on receipt of 4 cents in stamps. 
WE PREPAY ALL CHARGES. 


YALE CAMERA CO., 538 Atlas Bidg., Chicago 








Carri i ico 1 or 2 
as oy recaives velco t or 


OPTICAL & CHEMICAL me 





Prices from @5e. to @5.00 sent 


express paid on eben, | | 





THOS. HALL & SCN, 17Bromficld St., Boston. ~* 





Exhibitions of 1862, 1865, 1867, 1879, 1873, and 
Shutters at Philadelphia, 1876, 


Self-Colling 
Revolving 


CLARK, BUNNETT & CO. (Limited), 6 


see PRIZE MEDALISTS, 


CLARE'S ORIGINAL PATENT NOISELESS 


STEEL SHUTTERS 


IMPROVED ROLLING WOOD SHUTTERS AND PATENT METALLIC VENETIAN BLINDS. 


Catalogues, Circulars, Price Lists, ete., on application. 


Only Award and Medal for Noiseless Steel 
Paris, 1875, and Meibourne, 1881 


Fire and 
Burglar Proof 


FPICE and WORKS 
162 and 164 West 27th Street, New York. 





PURE DRINKING WATER p 
AND HOW TO OBTAIN IT. 


KELLEY’S 
WATER 
STILL 


prevents dis- 
ease by killing 
and removing 
the germs. 
This till bas 
unequaled 
copious Ca- 
city. tt is 
automatic 
both in feed- 
ing the generator and condensing, Leaves the water 
clear, and tastes as it comes fresh from the spring. No 
family or laboratory should be without it. Recommended 
by Doctors and scientists. Particulars upon request. 


Kelley Water Still, 59 Dearborn St,, Chicago, U.S.A. 












16 oz. to 1 Ib. james om UBoer or Carveney Baye the 


est prices. 


sea encheanle =, viz: 


mune 

Sewing a nett ma — — == E = itn 
Letter ~\ oy Trucks, Any jay 
Press prea Is, Stoves, Drills, Road 

Lawn Mowers, Coffee Mills, Forges, — Damp Carts, 

She lle Hand ¢ nes, ‘ences, 

Panning Mille, Crow — Rol Watches, Clothing Se. 


Hay, Stock. Eleve-er, Railroad, Platform one ba a 
Bend for free Ci wor and see how to 
151 8. Je“erson St. CHICAGO BCALE co, n° Ghicage, Xi 


, MAKE ICE CREAN 


Sa only. Saves ice aS salt’ Made easily with 
Polar star In«tunt Freezer. 
clean Always in onder. 
Freeses was snow bard dry and smooth 
iT DON'T SCRAVE TIN 
nts wanted ev where. 
Levant St., ila., Pa. 








if my cure was perm aLLaMas. 
#1000 forfeited to 9 you if every testimonial used 
ht usis not genuine. Address 


H. EGGLESTON & CO.,120) MASONIC TEMPLE, CHICAGO. 


WILL POWER 


Personal Magnetism 
BRING SURE SUCCESS. 


Develop your latent forces and accomplish the other- 





TYPEWRITERS 
HALF PRICE 


We will sell you, —' Rage me 
made for one half ar price, 
many for one quarter. ag ma 
chine guaranteed in perfect order. 
~ TYPE ITERS SOLD, RENTED, EX- 
CHANGED. Sent anywhere with priv- 
~~ of —— Send for I)l- 


cate Oe Oe 4 La Salle St., 
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Q 

s) 
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: 

This Hygienic Couch : 

FREE TO ANYONE ° 

Seas 4 - Thin oe Xa. 4. full R. 5 

Ounch has pri Seat and Edges and is uphol- 
ered i = any color of Corduroy or Plush wae ¢ 
match. Liberal Cash Commissions o 


man other lon Watches, Dinn iaqesing * High. 
Grade "s 


Dinner Sets, 
Premiam sm Cat { 
afogue i. ‘9 and full particulars. Our plan th 
est—our soaps and premiums the 
THE MEDICATED CREAM SOAP ieage, Tl | { 
ett | East Madison +H 









That's how we've built up 







| ona 






ETE a LPT GP IE Cr Ty TN 





nor DANGER 


: 

4 

4 

{ 

THE “SOLAR” 
The New Acetylene Gas Bicycle Lamp 
4 No more 

‘ SOOT, 
SMOKE, 
GREASE 
4 


It can’t jar or blow out like 
an oil lamp. 


ABSOLUTELY NON-EXPLOSIVE 


‘ 

. 

q 

4 Light costs 4% of a cent an hour. Throws a 
clear, white light 100 feet ahead. [#* Send for 

{ Circular No. 10, which tells all about the 

4 

4 

q 

4 

4 

4 

¢ 


Greatest Bicycle Lamp of the Year 


From your dealer 4 00 
or sent prepaid for e 


Badger Brass Mfg. Co., Kenosha, Wis. 


LLL rr rer 








Cl i i i i i i el i el i le le i i a i i le el 


If you own 
a good 
HORSE 
AND 
CARRIAGE 
you will be 
interested 
in our 


; 
BELL ODOMETER 


It will tell you honestly how many miles you drive, 





and announce each mile by stroke of a bel)’ Keeps a 
record for 1600 miles and then repeats. Speed horses 
may be timed very accurately. Fully warranted. Price, 


by mail, $5.00. In ordering send height of rear wheel. 
tH Write for Descriptive Circwlar. 
Davis, Stebbins & & Co., 33 Sudbury St., Boston, Mass. 


“Crue 
Merit 
Brings 
Success” 


That is the reason why we have sold 
nearly three million feet of the Coburn 
Patent Trolley ‘Track and over three ge« 





















Soenaa "Bath 
with plenty of het water, all ap- 
pointments complete for city or 
country. Perfect water supply 
and waste. No bath-room neces- 
gary. An ornament anywhere. 
Complete with heater @26.50 up 
delivered free east of Yr ky 
Mountains. Eas monthly pay: 
ments if desired. won id 
eenjoymentof your 
summer home complete. 
Send for catalogue, Tubs 
and Heaters. 


Mosely Bolding Bath Tub Co 


Ges, Gasoline or Oil. “8” 368 Dearborn St., Chicago, Ill 


MONT BLANC.—AN INTERESTING 


description of the mountain, its ascension and the ob- 
servatory on its summit. 4 Shi: ee. SCIENTIFIC 
AMERICAN SUPPLEMENT, No. 11 .. Price 10 cents. 
For sale by Munn & Co. and a/l newsdealers. 


AN INVIGORATING BATH 


is the best preservative of health, and the 
best bath of ail for this purr se is the 


IMPROVED HOME TURKO - RUSSIAN 
FOLDING BATH CABINET. 


Portable—can be used in any room. 
Dry steam, vapor oxygen, medicated 
and perfumed baths. Sure cure for 
theumatism and colds. Insures a 
clear com neuten. Prevents obesity. 
wwe circular. 








A Perfectly 


















National Typewriter Exchange, Shtoage~ 








wise impossible. Ayenneces | of influencing as daily 
demonstrated by the suce ul everywhere. Increases 
the salary of the employee, assures the fortune of the 
business wan ane  werrwante the society woman with 


friend 
‘S trieads. PROF LH SSDERSON, (8A. O. 


ot 3 friesae. 
Masonic Temple, C Soot 

Spare moments sufficient. Dip! 

Hydropathy and Osteopathy. Sto Modatiy = tome or 








VELOX 


GLOSSY or MATT. 


duzen cab’s, 
pers are 
an insoluble gelatine paper 





traveling. Either sex. Particuiars free. Ad 


Institute of Science (8,4, 78), Masonic Temple, Chi Chicago. 





Nepera Shemical Go. 


Developed and toned as fast as x printing frames can be filled 
for hot or damp climates. 50 
eveloper and three sample printa. 
Pa are the best and most uniform in the m 
Rembrandt, a Matt Printing-out Paper. 


& CO. 121 White Street, New York City, 
A Revolution in Pho- 


pa PEI tographic Printing. 


When exposed to the same light, prints 
Ps times quicker than albumen . . 
No , g" rainy weather to wpertene with your work. 
k rooms ner complicated manipulation. 
Permanent prints 
mts in stampe brings owe samets 
epera atino: ame an 
arket. Nepera P O P, 


nct NEPERA PARK, N. Y. 
ole Etiouscanlere Chicano, lil, 21 Quincy St, 





hundred thousand sets of Parlor, Barn ‘ 
and Fire Door Hangers the last six yet ah 
ears. Write for information. Letus by 

We will reply bs 





now what you want. 
by return mail. 


Coburn Trolley Track Mfg. @., 
Kolyoke, Mass. 


‘ec REKA” i: Tye SOY ITER 
Stric EU non-ty ling, Saperen ie ng eZ copying. 


66 EUREKA” EhRBo WRITER 


strong write “WI ay) an equal 


If your stationer can 
supply above, order «i 
i on We will send at 


rec’ 
. d, 
\ <a one TXTp / once, postpal 
™ A. Ribbons, $1.00 each, 
: aad $9.00 doz. 
Carbons, - 60c. doz. 


84.00 per dex. 
(Nine dozen in box.) 
If we cannot plesese you, 
ogre your money return- 

ed. pte | abso- 
lately gvarante 


MITTAG & VOLGER, 


° 
y Park Ridge, N. J., U.S.A. 
Mtg. for the beeen 


WHY LOOK OLD WHE YOQ CAN AVOID T|82. 


MAGIC DYE COMB. 


Round Box 1a . 
re Sanh Oe ; 


















4 
a 
= 
- 
n 
a 
Mw 
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n 
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“PRICE, oon . 00 






OYES HAIR, 
MUSTACHE of WHISKERS | a 4 
MEPLE, ANYONE CaN USE ID <n er Lace 


Eugene us, UeSere ae. Cincinnati: 04 
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COAST DEFENCE EDITION OF THE SCIENTIFIC suannmet AN SUPPLEMENT. 











Have You a Stercopticon 
or Magic Lantern? 





If so, you should have the 


LATEST WAR VIEWS 


to show your friends at home or to give a Lecture for the 
benefit of your Church or Sunday School. 
We have the finest, best and largest collection of these 
in the trade. 
40 Views on the Maine Disaster; 60 Views on the Cuban 


War; over 70 Views of Cuba and Porto Rico; Views of Man- 
ila; Officers of our Army and Navy; Views in the Brooklyn 
Navy Yard; Battleships of the U. S. Navy, of Spain and 
other nations. Views of Camps at Peekskill, Hempstead, 
Chickamauga, Tampa, etc. About 400 Views relative to the 
subject on hand. 

Send for lists or call and see us. 

All slides one uniform price. 


40c. Each, Plain. $1.00, Colored. 


RILEY BROTHERS, 





Important Naval Books 


By CAPT. A. T. MAHAN and others. 





THE INTEREST OF AMERICA IN 
SEA POWER, PRESENT 
AND FUTURE. 


By Capt. A. T. Manan. Withmaps. 12mo, cloth, 
$2.00. (Issued December, 1497.) 


CONTENTS. 


I. The United States Looking Suiwerd. 
IL. soe end owe, Sea 
my i 


our Sea 
‘ Anolis dmerican Aitiance. 
V. ay FA. Future in Relation to American Naval 


wer Penta declare War. 


Vill. Se sof the Gulf of Mexico ana 


THE INFLUENCE OF SEA POWER 
UPON HISTORY, 1660-1783. 


By Capt. A. T. Maman. With 25 charts of great 
naval battles, 8vo, cloth, git top, $4.00. 


ALL THE WORLD’S FIGHTING 
SHIPS. 


By Frep. T. Jane. Illustrated portrait details of 
over one thousand warships, with rotes and other 
useful statistics, including details of guns, armor, 

on acto. ete, (Issued in March, 1898.) Oblong dto, 





THE INFLUENCE OF SEA POWER 
UPON THE FRENCH REVOLU- 
TION AND ESIPIRE. 


By Capt. A. T. Manan. With 13 maps and battle 
Diam. 2 vola., 8vo, cloth, gilt top, $6.00. 


THE LIFE OF NELSON. 

The Embodiment of the Sea Power of Great Britain. 

By Capt. A. T. Manan, With 19 portraite and 

plates in photogravure and 21 mape and battle 
plans, 2 vols., 8vo, cloth, gilt top, $8.00. 


A NEW EDITION OF 


IRONCLADS IN ACTION. 


A Sketch of Naval Warfare, 1855 to 1895, and the 
se — of the Battleship in o, B 
H. W. Wuson. Introduction by Capt. A. 

Mahan. Fifth Edition. Illustrated with 76 full- 


Faas) 2 volar vo, clot, gilt top, $8.00. 
THE ROYAL NAVY. 


From THe EaRLigst Times TO THE Present Day. 
By Witttam Latrp CLowgs, Gold Medalist, etc., 
assisted Capt. A. T. Mahan, H. W. Wilson, 
Theodore velt, etc, With 25 full-page pho- 
gravores and paaeom s other illustrations, maps, 
charts, ete. Vols. I. and II. To be complete in 

— Royal 8vo, cloth, gilt top, $6.50 net per 

ume, 





Important Military Books. 


By LORD WOLSELEY, LORD ROBERTS, etc. 





THE RISE OF WELLINGTON. 


By Gen. Lonp Booman Y V.C. With illustrations 
and plans, I2mo, $1.25. 
It is enongh to say that this Mengaphy is dis- 
tinetively military in its ch nts 
the development of a military — LX 


GUNS AND CAVALRY.» 


Tuein PERFORMANCE IN THE Past AND THEIR 
Prospect in THe Fururs. By Masor E. 8. 
May, R.A. With plans and illustrations, 12mo. 
$1.2. 

The book gives an account of the wptes E-— of 
eavairy and artillery as illust; py .° xamples 
from military history, the wy which =e 
their | in the past, and the tacti 
which sho be adopted to insure their due co-op 
eration in the future. 





DECLINE AND FALL OF NAPOLEON. 


By Frecp-MarsHat Viscount Woisetey. With 
illustrations and plans. 12m0, $1.25. 
A otter: cotien of a soldier is what these 
pers con are enriched a valuable 
ak rom mn Moscow and of Waterloo, 
as well as engravings of characters of the time.— 
Chicago Tribune. 


Cavalry in the Waterloo Campaign. 
By Lisvr.-Gen. Stn Evetyx Woop, V.C. With 
portraits, maps and plans, I2mo. $1.25. 
In favor of pe use of corey even in the changed 
conditions of modern warfare. The canvass ts = 
which he aruce —— = a . armed wit 


sword or lance, man: open country, an 
depending upsn, the the Wweigbt of t the 2 shock, cbaraing 





To be had of all booksellers, or will be sent, postpaid, on receipt of price by the publishers, 


LITTLE, BROWN & COMPANY, BOSTON. 
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STEEL CONSTRUCTION 
IN ALL BRANCHES. 


‘The Riter-Conley Company, 


HEAVY PLATE AND BOILER WORKS. 











ROOF FRAMES AND BUILDINGS, 

GAS HOLDER AND GAS PLANTS, 

BLAST FURNACES AND STEEL PLANTS, 
STAND PIPES AND WATER WORKS, 
OIL TANKS AND REFINERIES, 


Designed and erected in ali parts of the World, #888 


General Office: 56 WATER STREET, 
PITTSBURG, PA. 


New York Office: 39 & 41 CORTLANDT STREET. 


PLATE WORKS: PITTSBURG, PA. 
STRUCTURAL WORKS: ALLEGHENY, PA. 
Cable: “ Ritercon,” Pittsburg, Pa. 




















2,000 Mechanical and Electrical Terms; 
Connect Dynamos and Motors, Shafting, Drill 
Cutting, Properties of Saturated Steam, etc. 





CET 
Laid Log, Publichers, 263 Wabash Ave. | Chiceg 


U. S. NAVY 


‘iiftnNo--~ STANDARD REFERENCE BOOKS 


The Boston Times says: “ Laird & Lee, of Chicago, beat the world with their series of books of information.” 


The Salva-Webster Spanish-English and English-Spanish Dictionary. 


Abbreviations. 


Capt. 
Spanish ston i fio 





Flexible Silk Cloth, 








382 Pages. Illustrated, 
Besides the dictionary proper, it contains colored m: of § ish-s ing countries, 
Irregular Verbs, Exchange Vaiues of Foreign Moneys. ¥ Weights and ~~ 
Practical Letter W ricer. Convoragt lon 
Geographical Names, Bi ographica sy Rte wy etc. 
Indorsed oy Army, Navy, Press and Public, 
P. Harri a. of the Puritan, says: Having some acquaintance with the 


40,000 Words and Definitions. 


on odmirabloce ine.” 


Las Novedades: “ The dictionary isa credit to the publishers. It is undoubtedly the 
most complete work of the kind ever published in the United States, 
i 


Red Bdges,not Indexed, . . . . e 
Stiff Silk Cloth, Marbled Edges: double Index, . : . : 38: 





ENCINEERS’ PRACTICAL TEST. 
Adjustment and setting of Valves, management of the Engine, Boller, Pump, Dynamo, Gas Engine, etc., 
use of the Indicator. Examination Question 


Silk Cloth, Red Edges, 


Illustrated. By Otto Stephenson. 


ons and Answers. 


2c ¢ & o & » ae 





The Machinists’ and Engineers’ Pocket Manual. 
By D. B. Dixon. Illustrated. No other book like it. 400 pages. 
Gear, Valve and Indicator es | How to 


Wire Weights and Resist 
oe useless Technical Difficulties. 


Leather, Red Edges, with Pocket, Fiap and Band, 


» + $1.00 


onr Catalogue. We publish nearly 400 titles, including Fereign, Mechanical, and General 
Reference Books, Dictionaries, Fiction, etc. (free to any address), 


For Sale at all Bookstores or sent prepaid by 














Over 160 Vessels lith on one sheet 


easures, Spunish 








40 x 26 inches, two tints, or 26 x 20 inches, five colors, 25c. ee 
Other war novelties, inciuding a beautiful submarine subject in colors. 


IMustrated circulars free. 
Liberal discounts to agents. 


Cc. A. MUSSELMAN, Publisher... 


1213-1215 Filbert Street, PHILADELPHIA. 

















manly sports 


All Shooters 


m of Rifles, Pistols and Shot Guns will 
find it to their interest to possess a copy 
of the /deal Hand Book, No. 10, a 

<< J KLONDIKE OF GOLDEN NUGGETS of in- 


formation relating to arms and ammuniti.n, 


~ FOR WAR: FOR PEACE® 


that elevate and invigorate 


humanity. 120 pages. Send 3two-cent stamps and 
mention the “SCIENTIFIC AMERICAN” when you 


write. |DEAL MFG. CO., New Haven, Gonn., U. §. A. 
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REEP COOL | 


\“ SEND For Cirncucar’C” 


The Carlisie & Finch Co., 820 6th St, Cinclonatl, 0. 








| MONTAUK MULTIPHASE CABLE COMPANY 





custy tharmoumasto—avery infinitesimal] 
station to give warning of dangerous heat, or fame, or 





TIPHASIC-AUTOMATIC-THERMOSTATIC 


interior Electric Cables. 
As reliable as @ Galvanometer. Infallible 2 oon orale 











AIR BRUSH tng the best Art fool in use. 


lies color b; of -. 
Po the Oy dst ‘to 


better w work and save 5 
No studio complete with- 
out it. rs and Ar- 
Fay : 





ART WORK. "3; 
AIB BRUSH MG. co CO., 67 Nassau St., 
Rockford, tl., U.S. A. 


Pronounced by all 
who use it, the best 


PAPER... 
a. To P 


in the market. Made by 
THE UTILITY PAPER CLIP CO., 
DETROIT, MICH. 


For sale by all stationers and office | 
at ly dealers. — for sample box | 
% cts. by mail 











IF YOU WANT TO BUY 
PHONES 


that are good, write to STONE 
Crry TELEPHONE Co. 


Price $3.00 to $15.00. 
Every Phone sold under 
POSITIVE TELEPHONE CO. 
STONE CITY TELEPHONE C0., 


JOLIET, MLL. 




















Novelties & Patented aril 


Manufactured by Contract. Punch- 
ing Dies. Special Machinery. E. 
Konigslow & Bro., 181 Seneca Street, 
Cleveland, Ohio. 


BRASS BAND 


Instruments, Drums, Ney ip- 
ments for Bands and Drum Co mp Low 
est prices ever quoted. Fine Catal 
Illustrations, mailed sees it givesB — 
ic & for Amateur Bands. 


i LYON&HEALY 98 Adams St:,Chicago 


SCREW-CUTTING DIE HEADS 
SELF-OPENING and ADJUSTABLE. 
Thor best die head on the market. Some ad- 
antages over “others.” viz.: Theyare 
gusalier stronger, more compact, have no 
—— 8 , cannot be clogged by 
are always reliable, and the priews 
D— right. E32 Send for descriptive circu. 
“S A.” Our die heads are furnished 
in sizes suitable for cutting threads from 
No. 17 wire gauge to 6 inches diameter inclusive. 
Ceomertric Dritt Co., Wesrvitce. Cr. 


CHAS. CHUR 
EUROPEAN AGENTS:} wyirg, CHILD & BENEY, Vienna, Avreria, 
















iS anseneen se SHORTHAND TYPE- 
WRITER is taking the of Steno- 
y because it is so quickly 

F iad d because a ty pe- 

writer that prints a 
word at one stroke is 
faste 






for circular. “6. Kk. Andereou. 


PERPETUAL MOTION 


4 valuable series of papers giving all the classic forms 

perpetual motion appara’ fs oie literature on this 

sujet is so very limited. tl the only book being rey 
ut of print, so that this series will be important to al) 
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Anderson, % Nassau S8t., N. 
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DRAPER’S 


a correct and continuous record 

n ink ona weekly chart. 
"it is of especial yalue in Observa- 
D Clubs, 
Greenhouses, and in manu- 
ing industries where tempera- 


portant factor. 
THE RAPER MFG. CO., 
152 Front Street, New York, 








Recording Thermometer | 


JOHN W. WELCH, 


THE YARYAN COMPANY, 


General Manager, 


142 TIMES BUILDING, NEW YORK. 





THE YARYAN 





This system and apparatus possesses the following advantages over others : 
space, and cost—automatic and simple in operation—easily cleaned—increascd evaporative efictency. 


SYSTEM OF FILM EVAPORATION. 


OVER 00 MACHINES IN USE FOR THE FOLLOWING PURPOSES: 


Sugar Refining—Cane Sugar 
Juice — Glucose — Glycerine — 
Waste Alkali— Liquors from 
Paper Milis—Glue and Gelatine 
—Tank Water for Slaughter 
Houses — Bark and Wood Ex- 
tracts—Caustic Soda—Distilling 
Water for Artificial toe and 
Drinking—Fresh Water from Sea 
Water. 


The Yaryan eyotem is in use in 
more than 500 different places. 


More economical in steam, 





Patriotic Americans 


should be able to shoot well. a services may be 
needed at any time. = Dais At mite (ainale 


shot or darts, 
practice with. for sport too, atest asiseas 


barrels, stocks, sights, etc. Booklet 


The Daisy Mfg. Co., Plymouth, Mich., U.S. A. 


Experimental Science 


By GEO. M. HOPKINS. 
17th Edition Revised and Enlarged. 








and beauti- 


782 fine cuts, substan 
Price in cloth, - $4. Half 


840 pages, 
fully bound. 
morocco, $5. 

This splendid work is up to the times. It gives 
qoune. and old something y pate of thought. It 

as influenced thousands of men in the choice of a 
career. It will give anyone, young or old, inform- 

ation that will enable him tocomprehend the great 
improvements of the day. It furnishes suggestions 
for hours of instructive recreation. 


Send for large illustrated circular 
and complete table of contents. 


MUNN & CO., Publishers, 








361 BROADWAY, - NEW YORK, 
LORD'S S are used, and endorsed, in 
every steam-using district 
throughout th ivilized 
BOILER wi 

eae: The genuine formulas 

are made only by 

COMPOUNDS oon coro, 
Send for our new book on Philadelphia, 
water contamination, &c. Pa. 


Endorsed by Board of Fire Underwriters. 
SUPERIOR TO 
COTTON WASTE. 
Safe, Durable and 
Ch JX 











AMERICA 
SILK MPG. CO., 
311 Walnut St., PHILA., PA. 
Endorsed at the recent meeting of N. E. Cotton Mfrs. 
































t down 
mericam 
running a 


writer is as 


“ why in the world doesn’t a man like Jones 
to business methods when he can buy an 
Sypewsieer for My Does he think 
puzzle depart men 

The arene Ten-Dollar Ty 
well made as the highest priced ines, but more 
simple, It has s hos e oftime. Four years with- 
out a competitor. 27,000 in use. Catalogue and samples 
of work free. = offer will be made on complete 
{fice outfit it you mention SCIENTIFIC AMERICAN. 


AMERICAN TYPEWRITER CO., 267 Broadway, N. Y. 


TWO TOOLS OF IMPORTANCE. 


A close measurement Depth Gage 
with accurately set sliding scale. Can be 
read in hundredths and with the ver- 
nier in five-thousandths of an 
inch, The most practical and accurate 
instrument of its kind ever offered. 
Sent on gant of price, $1.55. 
An adjustable “8S” Pipe Wrench, with best 





















Easily operated. 
ing, with Free and Accurate. 
teeth fur holding pipe. All parts carefully tempered. 
Handy tool in confined corners, Send for oy" wlare wo 


Hemis & Call Hardware and Too 
Box 1400, Sprineaela. Pans, 








The Allen Dense 








Air Iee Machine 


Proven by ten years’ use in the tropics by U 
8S. Men of 
ger Steamers. 
of all larger U. 8. Men of War. 


H. B. ROELKER, ait Maiden Lane, New York 


ar, Steam Yachts and large Passen- 
Demanded by the specifications 


fecturer of 





Screw Pecaliets for usual and 


for special work. 


CONSULTING ENGINEER, 


THE SCIENTIFIC b AMERICAN 


Cyclopedia of 


Receipts Notes and Queries 


12,500 RECEIPTS. 708 PAGES. 


Price, $6.00 In Cloth!; $6.00 In Sheep; $6.50 in 
Half Morocco, Postpaid. 


a HIS great 
work bas now 
been on the mar- 
ket for nearly 
six yea and 
the demand forit 
has been so great 
that twelve edi- 
tions have been 
called for, 

It is entirely 
distinct from the 
ordinary receipt 
book in being 
thoroughly up to 
date. 

The work may 
be regarded as 
the product of 
the studies and 
practical ex- 
perience of the 
ablest chemists 
and workers in 








all parts of the _ 
world; the information given being of the higt« st 
value, arranged and condensed in concise forn 


convenient for ready use. Almost every inquiry 
—— can be thought of, relating to formule used 

in the various manufacturing industries, will here 
be found answered. 

Those who are engaged in aimost any branch 
of industry will find in this book much that 
is of practical value in their respective callings. 
Those who are in search of independent business 
or employment, reel to the home manufacture 
of salable articles, will find in it hundreds of most 
excellent suggestions. 


ee Send for deacriptive ciroular. 
MUNN & CO., Publishers, 


361 Broadway, New York, 


SECTORLESS WIMSHURST MACHINE 


—This article gives directions for making. 4 |)/uatra- 
tions. SCTENTIFIC AMERICAN SUPPLEMENT 1131 
Price 10 cents. For sale by Munn & Co. and all news- 


dealers. Send for new catalogue. 


Don’t Discard 


your old tanks, roofs, gutters, store 
fronts, etc., before writing for par- 
ticulars for preserving and extend- 
ing their use for years, to 

Detroit Graphite Mfg. Co., Detroit, Mich., U. SA, 


JUST PUBLISHED. 


Second, Edition, Revised and much Entarged. 


Gas, Gasoline = 
and (il Engines. 


By GARDNER D. HISCOX, ME. 
The only American Book on the Subject. 
HIS is a book designed for the general information of 











every one interested in this new and popular mo- 
tive power, and its adaptation to the increasing demand 
for a cheap and easily managed motor requiring no 
licensed engineer. 

The book treats of the theory and practice of Gas, 
Gasoline and Oi) Engines, as designed and manufac 
tured in the United States. It also contains chapters 
on Horseless Vehicles, Electric Lighting, Marine Pro- 
pulsion, etc. Second Kdition. Illustrated by 270 engray- 


ings. Revised and enlarged. 
LARGE OCTAVO. 365 PAGES. PRICE $2.60 


CONTENTS. 

Chapter 1.—Introductory, Historical. Chapter II 
Theory of the Gas and Gasoline Kngine. Chapter IiL.- 
Utilhzation of Heat and Efficiency in Gas Engines. 
Chapter 1V.—-Hea Efficiencies. © bapter V Retarded 
Combustion and Wall-Cooling. Chapter V1L.- Causes of 


Loss and Inefficienc 4 in Explosive Motors. Chapter VL. 
Economy of the Gas Engine for Electric Lighting. 
Cha ter VIIL—The Material of Power in Explosive 
nes, Gas, Petroleum Products and Acetylene Gas. 
Chapter LX.—Carbureters and V apor Gas for Explosive 
Motors. Chapter X. —COylinder Capacity of Gas and 
Gasoline B nes, Muffiers on Gas Engines. Chapter 
XL.—Governors and Valve Gear. Chapter \I!.—Igniters 
and Exploders, Hot, Tube and Electric, Chapter XIII. 
Cylinder Labrication. Chapter X1V.-—On the Manage- 
ment of Explosive Motors. Chapter XV.—The Mea- 
surement of Power b by | Prony Brakes, Dynamometers 
and Indicators, The surement of Speed, The Indi- 
oer and its Work, Vibrations of Bulidings and Floors 
the Running of an Motors. Chapter XVI. 
losive Engine regeae. Chapter XVLi Various 


Types of Gas and Oil nes, Marine and Vehicle Mo- 
tors. Chapter X VIII.— ariows Types of Gas and Oli 
Engines, Marine and Vehicle Motors—Continued 
Chapter XIX, United States Patents on Gas, Gasoline 
and OU nes and their Adjuncts -1875 to 1897 inclus- 
tve—List of the Manufacturers of Gas, Gasoline and Ot) 


Engines in the United States, with their addresses. 


A Few Extracts of Notices From the Press. 


it is a very comqushenace and thoroughly up-to-date 

work.—American Machintet 

The subjects treated in this book are timely and inter- 
esting, as there is no doubt as to the increasing use of 
Gas, Gasoline and Ot) Engines, particularly for small 
powers. It gives such general information on the con- 
struction, operation and care of these engines that 
should prove valuable to any one in need of such mo- 
tors, as well as those already having them in use.— Ma- 
chinery. 

What an Engineer says. 

I beg to etarutetes voosiee book on Gas, Gas 

oline and OU Engine —s 2, bye stered matl. Iam 


highly pleased wil ti the, L itet st on Oil Engines I 
have ever seen; intricate in the calculations, and 
the 7s rations owe pF Yours truly, 

. DALRYMPLE, ¢ hia? Bngineer 8.8. * Talune.” 
Melbourne, Victoria. 


MUNN 4& CO. PustisHers, 
SCIENTIFIC AMERICAN OFFICE, 
361 Broaoway, New Yorn. 

















COAST 


56 


DEFENCE 


EDITION OF 


THE GARVIN MACHINE CO. 


SPRINC AND VARICK STS., NEW YORK. 


51 North Seventh St., Philadelphia, Pa. 


17 Burg Strasse, Berlin, 0, Germany. 


MAKERS OF 


Machine Tools and Machinery, } 
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are the Manufacturers of the Sims-Dudley Dynamite : 


Gun Illustrated on | 33 of this issue. 


Complete Plants Equipped for Making 


Guns, Bicycles, Hardware, Electrical Goods, etc, 


CATALOGUES IN ENGLISH, FRENCH AND GERMAN, 





SUPERIOR 





Smalier by two-thirds than 
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ordinary Bi ulars. New You City. 


Cake them 


BAUSCH & LOMB-ZEISS 
Field and ~~ Range, Field, Power, Compactness. 


Marine Glasses. 


Sole Manufacturers under American Patents. 


BAUSCH & LOMB OPTICAL CO., 
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Cycling. Co the Games or to War. eeue 


Distant Objects have Stereoscopic 
Solidity. 
Tmage, Brilliant, Sharp. 


Rochester, N. Y. 


CHICAGO. 








THe PULSOMETER 


“The Contractor’s Friend.” 


OFTEN IMITATED—NEVER EQUALED. OVER 20,000 IN USE. 


RECENT IMPORTANT IMPROVEMENTS. 


Pficient Steam Pump for General Min 
~ t,t - Tank-filing Paper Mill, Sewer — a Bridge 
y liquids handled without injury to the ee 


Tne Handiest, ~~ yt et 
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PuLsomeTeR STEAM Pump Co. 


Catalogue on Application, 


135 GREENWICH STREET, New YORK. 
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Cnited States Navy Department; Fifty-five by 
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Price $125.00. Write for pamphlet. 
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NEW YORK. 
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Catalogue Free. 
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wfacturers using the 
man 

postal for Catalo 
. BLISS & CO., Mail- 


G. 
Order Department, 


entire production of any one 


brand of leather, and that leather is “ 


THE LATEST 
REGAL SPRING STYLE. 


O MEET the demand for a shoe 

made on a straight last with wide 

toe, we have brought out this style. 

It combines the latest ideas in style 

and comfort, has an extension sole, 

Made in lace of King Calf, Black 
and Russet; also Patent Calf; 

Russ Congress. 

$9.50 ,2i8, $9.50 


PRI 
ONLY 


G CALF,” a special tannage 


Shoes sent to any address in the United States upon receipt of $3.75. 
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The Sanitary Still. 
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> Arithmetic of Electricity. ’ 


> tical problems —, solutions followed fa an 
® exhaustive series of tables. 


, illustrated. Price........ 


, electrical engineer without the 
= itture of time and money ~~ ay a coll 
» course. 189 pages, illustrated. 1. 
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» tionary. Atea Ta dleststanl oa 
> able alike for the student and professional. . x 
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A Complete Electrical Library 


BY PROF, T. O'CONOR SLOANE. 
A VALUABLE AND INDISPENSABLE ADDITION TO ANY LIBRARY. 
> Electricit Simplified, ine mptent 


hows how two 





5 Volumes 
for $5.00 





plates of different metals immersed in acid can 
send a message around the globe; how a bundle 


the agent in lighti 


a ans. .reets, etc. 
158 pages, illust anaes oo 


treatise on electri 


redaced to simpie ~ AL —~y a A 2 


fal wor FS, : One of it most 
use ——— = on electricity. sine 


Electric Toy Making, 


and Electric Motor Constr ctlo 

for amateurs and 

make at home Electrical Toys, Motors, 

Magnets, Batteries, Dynamos, and_ electri 
instruments in general. 140 pages, fully, ee 
WEOOE, PEED cocccscccces cocees ose 


How to Become a Successful 


Electrician, ness to". teittaught 





The Standard Electri cal Die 











ractical handbook of reference —— | 

& definitions of about 5,000 distinct worms, Sora 
abd ee. Definitions are terse and concise and greati  gularae n electrical science. An 
ly new edition brought up fe date and aly alers eas Should be in the posseesson 
of all who desire to ee abreast with t. She progress of plete, concise and con- 
venient. G32 pages, 508 Iustrations. Price...............sccessccceeeececcnn consccenseeeneneneeeeesceenees 00 


mn to readers of the commas AMERICAN and 
* SPECIAL OFFER their friends. We are able to furnish the above 
: five volumes, handsomely bound, and inclosed 


in a neat folding box as shown ip the illustration, at the |. ae Reduced Price of Five 


Dollars for the Complete Set, You save $2.00 by orderi set. Sent by mail 


. —— 
or express, prepaid, to an ony address in 1 owen America. = bane countries, by mail, post- 


free, in separate parcels, at the same price. 
These valuable boos sold separately at the published prices, 


A $7.00 ELECTRICAL LIBRARY FOR $5.00. 
5 VOLUMES.———-1300 PACES.__——-OVER 450 ILLUSTRATIONS. 


: | 7 for special cireular of the complete contents of all of these books. Also for our 
= compiete 


11% page book catalogue sent free to any address, 


e MUNN & CO., Publishers, 361 Broadway, New York. 


ComFrort 


pa’ oe erie Rat 


Aluminum 
gle yk Ke =; 
Chains, w 


Free! Handsomely 
AMERICAN RINC CO. 
rx. _— 








The ECLIPSE DYNAMO & 
BATTERY OUTFIT on ONLY 











Tue DunNcaN CoMPANYW, 


MAGHINE FINISHED AND SUPER-GALENDERED PAPERS. 





MANUFACTURERS OF 





SULPHITE AND SODA FIBERS. 





Times Building, New York City. 








GENERAL VIEW OF THE DUNCAN COMPANY'S PLANT ON THE HUDSON RIVER AT MEOHANIOVILLE, W. Y. 


~*~ 


nein! 
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patewreo) Lnproved Broughton 


Serr-Ciosing Basin Cocks. 


EVERY ONE 
WARRANTED. 


Brightwood P. 0., SPRINGFIELD, MASS. 


Send for Circulars. 


E. Stebbins [lfg. Co., 


The Searchlight 


of = Xperience 





Cc. S. LOCKE & SMITH, 103 West 37th St., N. Y. Agents. 











PURDUE UNIVERSITY, 


LAFAYETTE, INDIANA. 


MECHANICAL, ELECTRICAL 
ano CIVIL ENCINEERINC, 


Technical Chemistry and Sanitary Science. 
30 COURSES IN RAILWAY ENCINEERINC and MANACE- 
MENT. SPECIAL ADVANTACES OFFERED 
TO POST CRADUATES. 


Send for Catalogue to J. H. SMART, President. 





Our large Catalogue of American and Foreign Scientific and 
Technical Books, embracing more than Pifty different subjects, and 


B00 KS containing 11:6 pages, will be mailed, free, to any address in the 
world. MUNN & CO., 361 Broadway, New York. 











= Candelabra, Decorative 
©“ and Miniature Lamps.. ~~ 
RECEPTACLES, SOCKETS and SHADES. 


X RAY APPARATUS. WE ALSO RENT 
Coils, X Ray Tubes 


(Adjustable Vacuum), Electrically Uluminated 
Devices, 














Fluoroscopes 
(Barium Platino-Cyanide and Lamps and Receptacles, 
Calcium Tungstate). 


MOTOR GENERATORS. on 








[Moderate Terms. 
Catalogue No. 9050. od 


Edison Decorative and Miniature Lamp Department, 
GENERAL ELECTRIC CO.) HARRISON, N. J. 


SGOTT’S 


Patent High-Grade 








Gate, Angle, 
Globe Check and 
Pop Safety 





ROE STEPHENS MFG. CO., 


DETROIT, MICH. 
Western Agents, SCOTT VALVE CO., Randolph and Canali Sts., CHICAGO, ILL. 











Pittsburgh Steel Hollow-ware Zo. 


ALLEGHENY, PA., U.S. A. 








Manafacturers of 


ALASKA HANDLE STEEL SPIDER 


manutiiven oc ROLLED STEEL GONCS *” “sxc, veut 








Alaska Spiders are made from No, 14 Standard 
Gage Steel, Pressed Cold. 


Guaranteed not to Break or Warp. Perfect Satis- 
faction Guaranteed, 


sane 





No. 13 Standard ( ace a ae 
Gage Steel ”" 9 “ “ wm’... 4 : 1) 


PRES=ED COLD. an - -* ae a OO as On 
12 - = ~ <0 o + eteeee 130 





Each Gongs Only. , 
6 inch 4 | Nickel finish.... E wee vse $10 Black or Nickel. 
‘ * te eanien sceneries) Ae CURIE. ns sccsces wsessttin on A lk 
de) nr POT. te 300 ©  skeecoes seankike chs ease 2 “ 
ee SM LD  pacccnscndee scevees 400 a iedenane+seeus 30 
10 o 5 00 : #0 
ee 600  . . . ££ BS ee eee ) 
et oF * (00. icnieesotnsaniall 8 00 © © sccoscevaces sees 1 00 
ee FF hee pepgees ok Greeel 10 00 10 * 1% 
| pT ett 12 00 | peaseceeren sess ssc ; » 
16 DM nsdes eccdvccesees ent 16 00 BB i itt t+ sesseeansnesanns 1% 
Net Prices 
Rolled Steel Shells, Only. 
h 18 * 7 ." : rr ——————_——- 
‘an Liberal discount to ——.. seehed 
4inch A 1 Nickel finish : lack or el. R ili : C BI d 
i a mepererrrrrrrr rrr re 34 Ee - Sane 1 @ench, Net. t 
it ss Beach vnes coe ccnenen fierce. ct ~~ Rolling Coulter Blades 
| Bes = Te as mqecsooesessbecnenes = it Pr. egee cone enneeeus is Z Ms 
vy - wT asaceene ab petee .eaesebeness . 
; SCT a ccsssqne agqevecenses 250 Complete as shown above, For Agricultural Implements. 
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HOW THE SOLDIER LIVES. 





COOKING WITH A “BUZZACOTT” OUTFIT, 





“ The Chicago Chronicle 


A yrresp¢ yndent of 
ement concerning 


Fila., al ‘s the following stat 
camp cooking. 


‘* Each company is supplied with an army stove, 
called a Buzzacott range, and it isa wonder. It 
will cook anything that the war department sup- 

| plies, roast meat, bake bread, fry steak or boil 
| cof It is the simplest arrangement possible, 
| consisting primarily of a hole in the ground 
about eighteen inches deep, in which the fire is 
built, and a steel framework placed over the fire, 
which allows free access of air totheflames, Up- 
| on this skeleton of steel are arranged covered pans 
for baking and skillets for frying and big coffee 
pots and all the other impedimenta of a camp 
kitchen The stove is about 4 feet long and 2 feet 
wide and not more than two feet from the ground, 
| but with a brisk fire cracking under it of hickory 
|logs hauled from the forests hereabout it can do 


the means of military 





is mn *h work in half an hour or so as mi any @ 
| pretentious, nicke l-plated range in Chicago.” 


HIBBARD, SPENCER, BARTLETT & CO., CHICAGO, 


Sole Licensees and Manufacturers of 
Buzzacott’s U. S. Model Military, Army and Camp Cooking Outfits. | 
Infringers >in substitutes will be prosecuted. 





Adopted by the U. 5. Army and Ni G uard of the St ater of Ne w York, New Hampshire, Vermont, 
Massachus etta, ( n cut, Rh nde - land, New Jerse " Penus Ivania, Det ‘aware, Maryland, 
Virainis . We s = ie di Lilinow W iscons ~ Michigan, 
i :es0 cari, Co a a and Ca 


HOLBROOK, MERRILL é STETSON, areats fort ‘SAN FRANCISCO, CAL. 


The Fairbanks — 


——.Company, 


311 BROADWAY, NEW YORK, 


Army and Navy Scales. 





Unequaled for Quality —- 


<—_and Convenience. 


SPECIAL SCALES FOR ALJ. PURPOSES. 
SUPPLIES OF ALL KINDS. 





THE SCIENTIFIC 


" writing from Tampa |3 











AMERICAN SUPPLEMENT. 











OUR NEW CAMERA 


“ADLAKE SPECIAL” 


With 12 Aluminum Plate-Holders. 







Handsomely trimmed, S 

Weight reduced to PL 
Holders 
in 
Position 


Easiest of all cameras 
to operate, Complete, 
express paid, 


‘minimum, Made for 
expert work in the 
hands of amateurs. 





4 


The ADLAKE, with plain trimmings, $12. 


Takes 12 pictures 4x5 at each loading. Made to open in broad day 


light for adjusting plates. New booklet tells all about Adlake Cameras. 


Sample photo 5c. stamps. 


THE ADAMS & WESTLAKE CO. 


108 Ontario Street, CHICAGO, 
U.S. A. 


Sonn Mn 





F Makers of : 
:‘* ADLAKE” BICYCLES ; 
: ALASKA" BICYCLES : New England Agents, 

: X RAYS CYCLELAMPS.: ANDREW J. LLOYD & CO., BOSTON, 














sau hone 








Established 1840. 


Geo-B-CARPENTER & Co. 
SHIP GHANDLERS AND SAILMAKERS, 








«-- MANUFACTURERS OF... 


TENTS . 
PAULINS 
WAGON . 
COVERS 


» FLAGS 
g SAILS 
MARINE 

3 HARDWARE. 


























MANILA CORDAGE AND OAKUM. 


CONTRACTORS TO THE U. S. ARMY AND NAVY. 
202, 204, 206, 208, S. WATER STREET, 





Correspondence 





CHICAGO 


Solicited, 























dl 
a 
Se al 
ve» 
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DO YOU (K)NEE(D) THEM? 
The “HAPPY THOUGHT” 





TROUSER PRESS and HANGER 


























Prevents bagging 


both 

and in Good Form 
permanently for 
what it costs to 
iron one pair once. 

Six ladies’ skirts 
can be kept with 
three hangers on 
one closet hook. 
Any pair of trousers 
or skirt can be in- 
stantly taken down 
or replaced with- 
out disturbing the 
others. 

Made in one piece 
of nickel-; 
spring steel, will 
not break, wear out 
get out of order or 
soil the finest 
fabric. 

Weighs less than 
three ounces and 
can be packed iin 
any grip. Sent 
postpaid for 


25¢. 


Five under one 
cover (holds ten 
garments! 


$1.00 


J. F. BROGK, 


601 N. Water St., ° 


SPARTA, WIS. 
















on entirely new principle. Operator 
and is drawn with carpet. Can 
and tack two thicknesses. Don’t poun 





r tacks permi 
. on comple, S 7e 4 
Shetier Ever Meh Ge Good Com 
dier. Every Mch. Guar. ° 
déreve GODDARD & ALLEN CO 250 State Ss. BELOIT, WI8. | 








|? AGENTS, (i 
Carpet Stretcher & Tackerl 


Selis itself. Write at onco for terms and 
















SHORTHAND BY SEY ae persoonly. sto: 
a parts of the world. 


. Positions when com- 


ents in all 
meray Beautiful Catalogue and First Lesson FR 
‘otte Shorthand College, Box 33, Williamsport, 


EE. 
Pa. 





MAGIC 





Stage Illusions and Scientific 


Diversions, Including Trick 
Photography. 


By A. A. HOPKINS. 


568 pages. 420 illustrations. Price, $2.50. 


This work 


the year. 
are illustrated by 
higbest ciass of 


stage illusions, ff 


tion of moving 





printed and bound. 
cknowledged by 





A 
profession to be the 


3” Circular of Contents and sampie 
illustrations free upon request. 


MUNN & Co., 
SCIENTIFIC AMERICAN OFFICE, 
361 Broadway, N. ¥. City. 


appeals 
old and young alike, and 
it is one of the most at- 
tractive holiday books of 
The illusions 


selves. Conjuring, large 


ing, sword-swallowing, 
ventriloquism, mental 
magic, ancient mazic, 
au curious toys, 
stage effects, photograpb- 
ie tricks, and the projec- | 
hoto- 


bs are all well 
Soribed and itliustrated, 
making a bandsome vol- 
—- is tastefully 


STANDARD WORK ON MAGIC. 


Publishers, 


to 


the 
v- 


de- 


the 





| Duck SHOOTING PowpeER, nothing better for general field use. 








LECS and 


ARTIFICIAL *£°8.27¢ 


MARKS’ PATENTS of 1854, 1863, 1 1 
cover all the accredited Suneetemeee Bi artiacat a —~ bh. 
mane me rae Artificial Limbs peariess, Rubber feet remove jar and 
commedation, 8 easy. Rubber hands extend the limits of ac- 

nt, Durable. Do not get out of orde wear 
Appreciated by over twenty thousand wearervaed Fn a oe 4 cargos. 
P The limits of the utility of Marks’ Artificial Limbs are unbounded. 

bal ~~4 veering them en in every occupation and profession. 
me rom a photograph of John J. Winn, Signal 
“U. S. S. ONEIDA,” 
wee — be leg japan, fo bass, and arm above the elbow, by the explo- 
eamer w 3 :. 

Jackson and 8t. Philip, under the commen a 


ADMIRAL FARRAGUT 
April 22, 1862. The followi 
Shout Artificial oO. = Tg eee tells what the old warrior knows 


A. A. MARKS, Dear Sir:—I write you this simply to say that m 
experience with your Artificial Limbs, together wit v onataurehie on 
perience with other kinds, induces me to prefer yours by all odds. The 
special point I desire to mention is the simplicity of construction in your 
leg, whereby I can take it oy lubricate and adjust with my one 
(natural) hand, and put together again without any help. My good, 
solid weight of 240 poate gives the leg a good trial, and yet I feela 
confidence in it that I bad never had in any other kind. 

Yours sincerely, JOHN J. WINN, 

Twenty-nine highest awards. Purchased by the United States and 
other Governments. 

Send for Marks’ Treatise on Artificial Limbs, and become acquainted 
with particulars. The book contains 544 pagea, 800 illustrations and a 
thousand testimonials. Instructions are given bow to take measure- 
ments and obtain artificial limbs without leaving home. 


A. A. MARKS, 701 Broadway, New York. 


Cider! Cider!!| STAR Foot Power LATHES 


9 and ti Inch Swing. 
we , ce 





















Anyone can make it 
quickly and econ 
omically if they 
have a 


Little Giant 
Cider Mill, >!" 


It is strong and light, with 
large capacity. Process of 
grinding and pressing pe- 
culiar toitself. For family 
use. If your dealer hasn't 
it send to themanufacturer, 
only $7.50, including freight 


Little Giant Manufacturing Co., 


46 SOUTH CLINTON STREET, 
CHICAGO, U. S. A. Seneca Falis, N. Y. ——-U. S.A. 


Manufacturers of ELECTRICAL WOODWORK 


Back Boards and Battery Boxes, Transmitter and 
Magneto Bell Boxes, Testing Instruments, Cases, 
Medical Cases, also Switch Boards, Push Buttons 
and Electric Supplies. Prompt shipment and low 
prices. 
CLARK ELECTRIC SPECIALTY MFC. CO., 
503 ist Ave. South, - - - ~- MINNEAPOLIS, MINN. 


- -- PUMPS 


GOULDS - - 
CELEBRATED ~ 
** CHALLENGE ** 
PUMP. 


We Manufacture Pumps 
FOR HOUSE, SHOP, FACTORY, MILL, 
WATER WORKS, IRRIGATION 
AND MINE PUMPING. 


THE GOULDS MFG. CO., 


Works and Main Offices, 
SENECA FALLS,- NEW YORK. 


Warerooms, 


16 MURRAY STREET, NEW YORK. 


Ey 
<n gat) 
__ 









Crece-Beed. with ar withent Compound-Rest, 
Friction-Counter Shaft, ete. Contain new an 
original features especially adapted for 
Bicyole, Electrical and Accurate Machine Shop Service. 
SEND FOR CATALOGUE B. 
SENECA FALLS MFC. CO., 
342 Water Street, 























“ TRIPLEX "* PUMP. 





Fig. 470. 


REMEMBER THE NAME. 








THE HAZARD POWDER C0., 


MANUFACTURERS OF 


POW DER, 
Nos. 44, 46, 48 CEDAR STREET, N. Y. 


Kentucky RirLte Powper, for shotgens or rifles, properly grained for long or short 
range, muzzle or breech loaders. 


Trap Powper, a new and special make for trap shooting. 


ELectric Powper, extra in quality and price. Burns extremely quick and clean. 


BLASTING AND MininG PowpeRr, made of refined materials, of extra strength, compara- 
tively free from smoke and a favorite among miners, quarrymen, etc. 

GOVERNMENT CANNON, MusKET, Mortar Powners, also special grades for export of 
any required grain or proof. 


SMOKELEss PowpeR, “‘ Blue Ribbon” Brand, for shotguns only, the quickest, cleanest 
and safest powder of this class the world has produced. 





WRITE FOR DESORIPTIVE CIRCULARS. 


THERE 
IS A 
GREAT 
DEMAND 


FOR THE 


ar 


Numbers 


Harper's 
Weekly. 










LIFE- 
PRESERVING 
AIR GOODS 






NEEDED IN EVERY YACHT, CANOE, 

LAUNCH AND ROW BOAT. ... . 
THEY MAKE YACHTING SAFE!! 

Absolute Safety in the Case of Any Accident. 


Our Name and Trademark on each article is a Guar- 
antee of Quality. 
These is can be seen at Jobn Wanamaker’s Phiia- 
delpbia re, Dept. 537, and New York Store, Dept. 167. 


FOR ILLUSTRATES CATALOGUE SENO TO 
MECHANICAL FABRIC CO. 
40 Sprague Street, Providence, R. |. 
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62 
—— Yacht Tenders, Open Hunting and Cabin 
THe EXCELSIOR BOWLER FEEDER | Aleo Vapor Launches “°c "artareies atitar 
ae rod ton 1 wwe ae price iste, and disoounts. z 33 
ius 
<4 
2 32 
iy 
33°. 
TG SOLER o< 
i 
z — 
: af ELECTRICAL SUPPLIES, 
B24 Reduced Prices. 
$35 Medical Battery, $3.95. Motor, $3.00. 
N. A. WATSON, ' 25 FOOT ALO HT TENDER HAWK.—U. 8 STEAMER HAWK. 739 Penn a _ > te PA. 


MANUFACTURER 


1602 State Street, 


How to Build | 





ERIE, PA. 


Those i 
gestions an 


owners’ anc 





All who 
of any kind, bave in this handsome work an almost endless series of 
the latest and best examples from which to make selections, thus saving time and money. 602, 604, 606 Chestnut 8t., PHILA., PA, 
Pusisneo Monty Svescairrions $2.50 a Year. Sinaie Corres 256 Cenrs. 


For sale st all news stands. 


Architectural Magazine ever published .. . 
“The Scientific American 
Building Edition.”’ 


Each number ts i/lustrated with a Colored plate and numerous 
bandsome engravings made direct from photographs of buildi:.gs, Horns, Records and 
together with interior views, floor plans, description, cost, location, Supplies. 


include seashore, southern, colonial and city residences, churches 
schools, pub 





MARINE VAPOR ENGINE COMPANY, 
__ Foot ot Jersey Avenue ___ JERSEY ¢ CITY, 1 N’ J. 


a Home—*© |MEGAPHONES!!! 


ntending to build will find the very best practical sug- an tage, kinds and oS ctaten, 

de . _ , made © special composi- 

! examples of Modern Architecture in the handsomest tion, producing wonderful 
ts. 


Catal furnished 


PHONOGRAPH AND 
GRAPHOPHONE 








Catalogue furnished. 
MANUFACTURED BY 


HAWTHORNE & SHEBLE, 


1 architects’ names and addresses. The illustrations 


lic buildings, stables, carriage houses, etc. 
contemplate building, or improving homes or structures 














| 








THE WABASH RAILROAD 


is the only line running Reclining Chair Cars (Seats 
Free) frum NEW YORK to CHICAGO and trom 
BUFFALO to SETROIT, CHICAGO, ST. LOUIS AND 
KANSAS CITY 


Four Trains Daily from Buffalc to the West. 
The famous ” CONTINENTAL EXPRESS” leaves 


WEW YURK, daily at 1 P.M.; BOSTON, daily, 930 
A. M.; Arrives DETROIT 6.50 A. M.; CHICAGO 2.40 


P. M., ST. LOUIS 6.52 P. M. the following day, and 
KANSAS CITY thasecond morning at 7.15. 
Stop-over privilege from one to ten days at 


NIAGARA FALLS on regular tickets. 


Palace Sleeping Cars and unsurpassed Dining 
Car Service on ail trains, 


For information, sleeping < “ar reservations, et«., 
apply to 
H. B. McCLELLAN, Gen’! East. Agent, 
387 BROADWAY, NEW YORK. 











PRICE $20 (COMPLETE 





Bdisor \ew Standard, $90 
Edison Home Phonograph 36 


Th Pack 
Four 

in The 
‘Space 


Photogra >hy. The new " photography as performed b; 
the use of C way ey A * a source of excitation. All 
about Crookes t ay AMERICAN SU PPLE- 


ubes 
MENT, Nos. 3s 3S, 2 ves. 
$03, 905. 1050, $857 103: 636. $6: 1032" sins 
SCIENTIFIC AMERICAN, Nos. 

These profusely illustrated U ERIC R BLD : 
most exhaustive series of articles on Crooxes tubes and 
the experiments performed with them. Among them 
will be found lrof. Crookes’ early lectures. co 
very ae A experiments which so excited the worl 
and which are now again <= attention in connec 
oy with Roentgen’s phot: ce 10 cents each. 

To be had at this office and m ail newsdealers. 


CONSUMPTION..... 


The Shepard Treatment was perfected 
at Elgin, Ill., where an office is still maintained, 
and many people are now living who were cured, 
Invaluable for weak lungs. DON’T 
DELAY writing for treatise and full particu- 
lars. The Shepard Treatment, 

620 Kittridge Block, Denver, Colo, 


How 








Of One. 


“I bave found a device which has overcome all my 


troubles. It can be used with any Camera. You see it 
carries & plates, and with only one plate holder I can be entific merican 





xpose the entire lot and return them to the case in 
the order of their exposure. It is made by the Phila- 


delphia Camera Co., and is so small one would hardly 

believe that it wil) contain twenty-four plates ready for PUBLICATIONS FOR 1898. 
exposure. The working parts are extremely simple and 

effective, and it adapts itself at once to plates of vary- The prices of the wary publications in the United 


ing thickness, allowing the use of both ground glass and | States, Canada, and Mexico are as follows: 

swingback, and in a more convenient manner equips 

the amateur with twenty-four plates ready for exposure Scientific ee - = $300 

a se an * — = wl Scientific American Supplement (weekly), one year, 5.00 
Send for a free Catalogue. Export Edition of the Scientific American (month- 


PHILADELPHIA CAMERA CO., | nasiaine aston of the ‘Scientite American 


Limireo (monthly), - - - - - - - - 


Seventh & Cherry Streets, Philadelphia, Pa,| | COMBINED RATES = 


ELECTRO MOTOR, SIMPLE, HOW TO | Stentific American and Supplement, o « off 

make By o. M. Hopkins. Description of a smal! elec. | Scientific American and Building Edition, - = 600 
¢ motor devised and constructed with a view tc 

ing amateurs to mane & seater which might ae diteue — ree = Supplement, and Building 





with advantage by a current derived from a battery, and | 

which would have sufficient pewer to operate a foot 2” Proportionate pment Months. 

lathe or any machive requiring net over one man pow- | The above rates include postage, which we pay. Re- 
cr. With money order, or draft to order of 


1 figures. Contained in SCIENTIFIC AMER- press 
ICAN SUPPLEMENT, No. 641. Price 1 cents. To be | See peees or es 
had at this office and from ail newsdealers. 


MUNN & CO., 361 Becatwen, New York. 





THE LIBRARY DESK AND FILE COMBINATION 


There has been for some time a demand Stee os 
pipaston of a Handsome Libra 
Mental Savings Rank. The Wellity and beaw beauty 
of this Solid Oak Combination Desk (4 feet 6 inches 
high, 2 feet 6 inches wide), having a drop lid front with 
lock es ornamental brass 





en + Cabinet combina 

rate open dust separate 
vowel. indexed subject cove Jy eres 
of knowledge for the 


Sermons, Addrerses, Manuscri 
in ae, putting all your knowledge epee, Le 
end, for use at any instant. 

Gro. EpwarpD ~ +, 


College. Carlisle Dickteeee 


D.D., President 
“It ie the thing for which I 
Christian Endeavor 


ton, Mass. : I thiuba great deu cre oe It 
is the best thing of the kind I bave ever seen or used.” 





Edison Sprinz Yotor “* 75 
Bdiows Hlectric © OS 


Al! Genuine Phono. © 
graphs bear tbis aig- 





SS Produces the same results 
7 as the other famous modeis 


Everett nN, M r of “The Inte- 
rior:" “* We have two of Our Cabinet nets in our off 
eas rant another. It is thing of the kind f 


entmor J. H. mata mae adefinite purpose 
_— and classify what you read by thisepstee we untold 


Rav. J. W. Hamrurow, D.D.: prone S eaaring 


and convenient t 
{ of er irate t og I isa process of bookmaking 
. B. L2owarp, D.D., New = 
the best thing of the kind I have meen. Every mae 








of the Genuine Edison 
Teaoce Phonograph, 
&3; using the same records 
Meomes OQ. ati the same reprodu- 
Mann mplest, most durable, 
Neaeat Laticiong machine 


TALOGUE NO, a'r rae " 
RATIONAL PHONOGRAPH. cO., 
St. James Building, BROADWAY AND STH Sr. y. ¥. 


Batson Kecords, We. each, 95.00 per donen, 


ve 
Rev. A. J. Kywerr, ‘D. I Philadelphia, Pa. : : ropa 


PATENT APPLIED FoR, savings bank is for accumulating property, so this is 


SEND FOR CIRCULAR, 





CENTRAL SCHOOL SUPPLY HOUSE, - 





THE 


| Scientific American 


SPECIAL NAVY 
SUPPLEMENT. 
With Colored Map of Cuba. 





THE BATTLESHIP “ OREGON.” 


The great desire during the present crisis for ac- 
curate information concerning the United States 
Navy has led to the preparation of a short treatise 
on the Navy, which has just been published 
under the above title. Every effort has been made 
by the publishers to treat the subject in such a 
manner that it may be readily understood by the 
reader unversed in naval affairs, and at the same 
time render the publication a permanent book of 
reference, 

This issue takes the place of the regular num- 
ber of the Supplement for April 30th, and consists 
of forty pages. 

The number opens with a historical sketch of 
the birth and growth of the new Navy from 1883 
to 1898, in which the programme of shipbuilding 
authorized in each year is given, together with the 
clas °s * ships which it called for. 

This is followed by an article which explains the 
different types of vessels into which a modern 
navy is divided, and shows, by the assistance of 
diagrams, the manner in which the various types 
of vessels are classified. This article will greatly 
assist the reader in understanding the detailed 
illustrations and descriptions of each ship which 
make up the bulk of the issue. 

The ships are grouped according to their type, 
as classified below. A comparison is drawn be- 
tween different vessels of the same type, and the 
improvement of each ship on its predecessor is 


pointed out. 
BATTLESHIPS. 


“Indiana,” 13 cuts; “ Massachusetts,” 2 cuts; 
“ Oregon,” 2 cuts; “Iowa,” 3 cuts; “ Texas,”’ 2 
cuts; * Kentucky,” 2 cuts; “ Alabama,” 5 cuts. 


CRUISERS. 


“New York,” 3 cuts; “ Brooklyn,” 1 cut; “ Min- 
neapolis,"’ 1 cut; “ Columbia,” 2 cuts; “* Chicago,” 
1 cut: “Olympia,” 2 cuts; “Cincinnati,” 1 cut; 
“San Francisco,” 5 cuts; “Detroit,” 1 cut; 
“Charleston, 1 cut; “ Baltimore,” 1 cut; “New 
Orleans,” 2 cuts. 

MONITORS. 


“ Amphitrite,” 4 cuts; “ Terror,” 5 cuts; “ Mon- 
terey,”’ 3 cuts; “ Miantonomoh,” 4 cuts. 


GUNBOATS and TORPEDO BOATS. 


“ Helena,” 1 cut; “ Annapolis,” 1 cut; “ Mari- 
etta,” 1 cut; * Ericsson,” 2 cuts; “ Porter,” 2 cuts; 
“ Maine’s” torpedo boat, 1 cut; “ Bailey,” 3 cuts. 


SPECIAL CLASS. 


Ram “ Katahdin,” 4 cuts; submarine boat “ Hol- 
land,” 2 cuts. 

Under the cut of each ship is a full table of 
her dimensions, armor, guns, speed, etc., and this 
is supplemented by tables at the end of the 
work, giving complete tables of the whole fleet. 

The illustrations number about 90, and include 
handsome half-tone views and wood-cuts of all 
of the vessels above mentioned. Other pictures 
show in great detail the guns, gun-turrets, tor- 
pedoes, steering apparatus, conning towers, and 
many interior and sectional views of other parts 
of these warships. The whole forms a most 
complete and fully illustrated periodical. 

In addition to the above is included a reliable 
map in colors, showing the island of Cuba and 
the West Indies. 

This issue is inclosed in a handsome colored cover 
for preservation. 


Price, by mail, 25 cents, 


MUNN & CO., Publishers, 
365 Broadway, New York City, 
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TUBULAR DERRICK. 
Steel or Wood Derricks complete, 


Derrick Irons and Ordnance Contractors’ 
Supplies of all kinds. 


The Contractors’ Plant Mfg. Go., 


Erie St., Buffalo, N. Y. 
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Appeals, Reissues, Infri 
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Patent we showing the conn | and ne inethod of ake 
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Light and Fine Machinery to order. Models and 
Electrical Work specialty. E. O. CHASE, Newark, N. J. 


STEREOPTICONS, 
MAGIC LANTERNS, 


WAR VIEWS, 


UP TO DATE. 
&#~ Send for Catalogue to 


Cc. T. MILLICAN, 
730 Chestnut Street, Philadelphia, Pa. 


HIGH GRADE FLAGS 


BUNTING . . 


AMERICAN FLAG MFG. CO., 
EASTON, PA. 


Largest Flag Factory in America. 














No line in the world equals the 


NEW YORK 
(CENTRAL 


in the comfort and speed of its trains and the 
beauty and variety of its scenery. 

In the opinion of a prominent English expert, the 
New York Central possesses the most perfect sys- 
tem of block signals in the world. 

#¢ hours, New York to Buffalo; 9 hours, New York to 
Niagara Falls; 24 hours, New York to Chicago; 213¢ 
bours, New York to Cincinnati; 2 hours, New 
York to St. Louis, via the New York Central. 

The most comfortable route to St. Louis is the New 
York Central. 

The best line to Cincinnati ts the New York Central, 
through Buffalo and Cleveland. 

The direct line to Niagara Falls is the New York Cen- 
tral. 


Traveling by the New York Central, you start from the 
center of the City of New York and reach the center 
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THE JACKSON VENTILATING GRATE 


Five Times the Heat of other open fires. 
One will heat several rooms, on one or 
different floors. They fit any fireplace 
and burn any kind of fuel. 


SEND FOR CATALOGUE. 


EDWIN A. JACKSON & BRO., 
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EVOLUTION OF THE AMERICAN LO- 
comotive.—By Herbert T. Walker. A_ valuable series 
by a member of the National Rolwas Museum Commit- 
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cal y. a speeerestons SCIEN- 
iz, 1113, 0114. 
unn & Co, and all 


ts each. For sale by M 








of every important city in the country. 


Ohio Electric Works, Cleveland, O., 
make a Bicycle Electric Light that 
throws light 200 feet, $2.75. Their 
Battery Student Lamps at $3.25 and 
Hanging Lamps for desk or library 
are fine. Write to-day for new 
catalogue, just issued, 
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ESTABLISHED 1865. 


Macoowan & Slipper 
General 
Printers 


LITHOGRAPHERS AND BLANK 
BOOK MANUFACTURERS 


30 Beekinan Street, 
N. Y. CITY. 


15 Steam Presses. Illustrated 
work a specialty. Catalogue 
work in any language. 
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— LAMBERT HOISTING: ENGINES 


Gontractors Engines and Electric Hoists for All Uses. 
LAMBERT HOISTING ENGINE COMPANY, 


117 POINIER STREET, NEWARK, N. J. 


NEW YORK OFFICE, BOSTON OFFICE, U. S. A. 
143 LIBERTY ST. 117 MAIN ST, 
CAMBRIDCEPORT. 



















For Bridge Erecting, 
Pile-Driving, Fortifica- 
, tions, and Ceneral 
Hoisting Purposes. 
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SEND FOR CATALOC No. 2.---1898 EDITION.---500 STYLES AND SIZES. 


BREINIG’S LITHOGEN SILICATE PAINT 


WHITE AND ALL COLORS. 


Stands where Lead and Oil fail, resisting atmospheric action in any climate. Especially adapted for painting along the coast. 
Composition, Silex, Zine and Lead, ground in strictly pure Linseed Oil. pannel ales have increased ever since 
its introduction over 5v yexrs ago. Sample Cards free to any address. 


WHEELER’S PATENT WOOD FILLER 


Fills the pores of the wood perfectly, forming a permanent base on which to varnish. Develops the natural beauty of the wood as 
nothing else will do. 


HARD WOOD FLOORS. 


It will pay you to write us and secure our successful methods of peau. and keeping Hard Wood Floors in order. 











THE BRIDGEPORT WOOD FINISHING 60, NEW YORE 240 Pears GMIEAO, 215 € ake St BORTON 5 Or St 


oe * 


Every fficer ‘THE me 
solder ang Berweteld Portable Fiter') TQ) THE ARMY AND NAVY, 


for field use absolutely necessary 


Sailor , ee AND ALL WHOM IT MAY CONCERN: 


| 7 
ra ae Berkefeld Filter Co. 
in the United States Army or 
AN EXTRACT.—" The first night I had slept a little from sheer exhaustion. The 
Navy should have 1 CEDAR STREET , next was terrible. I vomited incessantly ; I was chilled to the bone, and could not warm 
myself. I suffered horrible pains in the head and throughout my whole body. Next day, 
| NEW YORK. of course, I was a wreck. They told me I had been delirious half the night. I remember 





























Waterman x Tdeal nothing of the day; but next night I got a couple of hours’ sleep, and was rather better 
Adopted by U. S. War Department. in consequence. But vomiting went on steadily, and the fourth night I was again delir- 


Fountain Pen : ious. The next day I was as bad as ever; but thanks to a good dose of Beecham’s Pills, I 

, had an excellent night, and I truly believe that they saved my life. I knew well where I 
picked up this fever—in the marshes of Mwenzo, and near Kituta—and the killing thing 
was being unable to stop to cureit; the ten days on the lake especially, often without 
food for % hours, nearly finished me. I felt certain at the time that I was done for; and 
I very nearly was.” 

FROM “THREE YEARS IN SAVAGE AFRICA,” by LIO- 
NEL DECLE (Methuen & Co.) Mr. Decle covered a distance of over 7.000 
miles at one stretch, between Cape Town on the South and Mombassa on 
the East Coast of Africa. It is worth noting that this “‘ unique journey ” 
would probably have been cut short, and to quote the introduction by Mr. 
H. M. STANLEY, M.P., “its vivid record” would never have been 
penned had not Mr. Lionel Decle provided himself with a supply of Beech- 
am’s Pills. 

Every soldier and marine ordered for Ouba or the Philippines should 
include Beecham’s Pills in his outfit. No stronger testimony to the value of 








A pocket pen and ink bottle | 
combined, always ready for 
immediate use, and the most 
convenient writing instru- 
ment of to-day. Call on your 
dealer. 


L. E. Waterman Co. 





Largest fountain pes manufsctarers tn the world 


1s7 Broadway, New York. 





Bright pen-users are quich to se | 
the marvelous advantage of 


“Lucky Curve” 
tect JOintless” 
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itis absolutely impossible . th in a tro than 
to bier a weiter or make a! | GEO, §, Parker Fountain Pen. a a ees eee ey ae ne wee 
ri a Ak Ae air dite the ental we work rking out A. 4 the brightest that of Mr. Decle above quoted. 
nm foun Dn it abolishes 
to do food work or sear ccdores hs ite ten feney to working fon This should be remembered by those at home, and a box or two of these 
"th atbeten on -) barrel The “Parker "cannot Pal our world-famed pills should be included in every package sent to the front, 
I c LA = does awar th a hed ea makes 8 They cost only a trifle, but may prove the means of saving many a loved 
tight'’ fountain Bath. The The We Ae ar  deliaht to La sai one’s life. Full directions are with each box. 
sore efor tus ectg| | Eaaew tcheates fetta Sai taoe 
an old style bath knows ot | | Step ctbes etme Beecham’s Pills do wonderful service in all Bilious and Nervous 
wate ne. Sold at $?. 8 S48 SED. ard Ot Disorders, such as weak stomach, impaired digestion, torpid liver, sick 
THE “AIR-TIGHT” FOUNTAIN BATH CO, — senate oa Basi ie. headache, eto., whoever may be afflicted with these or any kindred com- 
INDIANAPOLIS, IND. ae - : plainc—anywhere and everywhere. 
We SIMPLEX LAUNCH ENGINE. Beecham’s Pills are painless and effectual. They are daintily made and 
ms rae , Poke: eee covered with a tasteless, soluble coating ‘‘ Worth a guinea a box.”—Price 
rms na or gasoline. Simp . safest druggists mailed recei cents 
and most reiiable motor for small boats in the only 95 cents For sale by all ne e pt of % in 
market. Send for illustrated price Met. stamps by B. F. Allen Co., 365 Canal street, New York. 
Also full line Marine Engines and Bollers. MENTION SCIENTIFIC AMERICAN. 


CHAS. P. WILLARD & C0., 
15 No, Canal St., Chicago. 


























Buena Vista Mill, Va. Rockbourne Mill. 


Union Mill. 


TOMAS ENT Wir GU 


HENRY T. KENT. Treasurer 





Established January 1, 1843 


Incorporated May 14, 1890 


Manufacturers of Woolen Goods 


U. S. Army and Navy Standard Blankets, 
Indigo Blue Army and Navy Cloths, 


Flannels and Kerseys. 


CLIFION HEIGHTS, PHILADELPHIA, PA. 
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Mills reached by Pennsylvania Railroad, Broad Street Station, or 


Walnut Street Trolley to door. 














Ridley Mill. 
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SAMUEL L. KENT, Secretary | 
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